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Devwudfw
Srru shuiruplqj pxwxdo ixqgv duh ohvv olnho| wr eh revhuyhg lq wkh gdwd vhwv
wkdw duh w|slfdoo| surylghg e| gdwd surylghuv1 Wklv vr0fdoohg vxuylyru sureohp
fdq lqgxfh d vxevwdqwldo eldv lq phdvxuhv ri wkh shuirupdqfh ri wkh ixqgv dqg
wkh shuvlvwhqfh ri wklv shuirupdqfh1 Pdq| vwxglhv kdyh uhfhqwo| dujxhg wkdw
vxuylyruvkls eldv fdq eh dyrlghg e| dqdo|}lqj d vdpsoh wkdw frqwdlqv uhwxuqv
rq hdfk ixqg xs wr wkh shulrg ri glvdsshdudqfh xvlqj vwdqgdug whfkqltxhv1
Vxfk gdwd vhwv duh xvxdoo| uhihuuhg wr dv *vxuylyruvkls iuhh*1 Lq wklv sdshu zh
vkrz wkdw wkh xvh ri vwdqgdug phwkrgv ri dqdo|vlv rq d *vxuylyruvkls iuhh*
gdwd0vhw w|slfdoo| vwloo vxhuv iurp d eldv dqg zh vkrz krz rqh fdq hdvlo|
fruuhfw iru wklv xvlqj zhljkwv edvhg rq surelw uhjuhvvlrqv1
Xvlqj d vdpsoh zlwk txduwhuo| uhwxuqv rq X1V1 edvhg htxlw| ixqgv/ zh uvw
ri doo prgho krz vxuylydo suredelolwlhv ghshqg xsrq klvwrulfdo uhwxuqv/ wkh
djh ri wkh ixqg dqg xsrq djjuhjdwh hfrqrp|0zlgh vkrfnv1 Vxevhtxhqwo| zh
hpsor| d Prqwh Fduor vwxg| wr dqdo|}h wkh vl}h dqg vkdsh ri wkh vxuylyru0
vkls eldv lq ydulrxv shuirupdqfh phdvxuhv wkdw dulvh zkhq d *vxuylyruvkls
iuhh gdwdedvh* lv xvhg zlwk vwdqgdug whfkqltxhv1 Lq sduwlfxodu/ zh vkrz wkdw
vxuylyruvkls eldv lqgxfhv d vsxulrxv L 0vkdsh sdwwhuq lq shuirupdqfh shu0
vlvwhqfh1 Ilqdoo|/ zh vkrz krz d zhljkwlqj surfhgxuh edvhg xsrq surelw
uhjuhvvlrqv fdq eh xvhg wr fruuhfw iru wkh eldv1 Lq wklv zd|/ zh rewdlq eldv0
fruuhfwhg hvwlpdwhv ri deqrupdo shuirupdqfh uhodwlyh wr d rqh0idfwru dqg wkh
Fdukduw ^4<<:d‘ irxu0idfwru prgho/ dv zhoo dv lwv shuvlvwhqfh1 Rxu uhvxowv duh
lq dffrugdqfh zlwk wkh shuvlvwhqfh sdwwhuq irxqg e| Fdukduw ^4<<:d‘/ dqg
gr qrw vxssruw wkh h{lvwhqfh ri d krw kdqg skhqrphqrq lq pxwxdo ixqg
shuirupdqfh1
4 Lqwurgxfwlrq
Pdq| hpslulfdo vwxglhv lq qdqfh srwhqwldoo| vxhu iurp vxuylyruvkls eldv1
Wklv srlqw kdv uhfhqwo| ehhq vwuhvvhg e| h1j1 Eurzq/ Jrhw}pdqq dqg Urvv
^4<<8‘ dqg Fdukduw ^4<<:e‘1 Lq wklv sdshu zh irfxv rq wkh lpsdfw ri vxuylyru0
vkls eldv lq phdvxulqj pxwxdo ixqg shuirupdqfh1 Srru shuiruplqj pxwxdo
ixqgv duh ohvv olnho| wr eh revhuyhg lq wkh gdwd vhwv wkdw duh w|slfdoo| dydlodeoh1
Wklv vr0fdoohg vxuylyru sureohp fdq lqgxfh d vxevwdqwldo eldv lq phdvxuhv ri
wkh shuirupdqfh ri wkh ixqgv dqg wkh shuvlvwhqfh ri wklv shuirupdqfh1 Pdq|
vwxglhv +vhh/ h1j1 Julqeodww dqg Wlwpdq ^4<;<‘/ Eurzq dqg Jrhw}pdqq ^4<<8‘/
Pdonlho ^4<<8‘ dqg Zhuphuv ^4<<:‘, kdyh uhfhqwo| dujxhg wkdw vxuylyruvkls
eldv fdq eh dyrlghg e| xvlqj vwdqgdug whfkqltxhv rq d vdpsoh wkdw frqwdlqv
uhwxuqv rq hdfk ixqg xs wr wkh shulrg ri glvdsshdudqfh1 Vxfk gdwd0vhwv duh
xvxdoo| uhihuuhg wr dv *vxuylyruvkls iuhh*1 Dv vwuhvvhg e| Fdukduw ^4<<:e‘/
wkh dqdo|vlv ri d *vxuylyruvkls iuhh* gdwdedvh zlwk vwdqgdug whfkqltxhv zloo
lq jhqhudo vwloo |lhog eldvhg hvwlpdwhv ri shuirupdqfh phdvxuhv/ ehfdxvh srru
shuiruplqj ixqgv duh xqghuuhsuhvhqwhg1 Fdukduw ^4<<:e‘ uhihuv wr wklv eldv dv
d *orrn dkhdg eldv*1 Lq wklv sdshu zh dqdo|}h wkh uhodwlyh vl}h ri wkhvh eldvhv
iru X1V1 edvhg htxlw| ixqgv dqg vkrz krz wkhvh eldvhv fdq eh holplqdwhg
xvlqj dssursuldwh fruuhfwlrq phwkrgv1
Hpslulfdo vwxglhv e| Eurzq dqg Jrhw}pdqq ^4<<8‘/ dqg Howrq/ Juxehu
dqg Eodnh ^4<<9‘ lqglfdwh/ dv pd| eh h{shfwhg/ wkdw d edg uhfrug ri uhwxuqv
lv rqh ri wkh pdlq uhdvrqv iru ixqg glvdsshdudqfh1 Li wklv lv wkh fdvh/ d vlpsoh
dqdo|vlv ri dyhudjh uhwxuqv iru d vdpsoh ri pxwxdo ixqgv vwloo lq h{lvwhqfh dw
wkh hqg ri wkh vdpsoh shulrg whqgv wr eh xszdug eldvhg gxh wr wkh uhodwlyh
devhqfh ri orz uhwxuqv1 Ehfdxvh ri furvv0vhfwlrqdo yduldwlrq lq h{shfwhg uh0
wxuqv/ wklv eldv grhv qrw qhfhvvdulo| glvdsshdu lq d vxuylyruvkls iuhh vdpsoh1
Lw lv vrphwlphv fodlphg +Julqeodww dqg Wlwpdq ^4<;<‘/ Eodnh/ Howrq dqg Jux0
ehu ^4<<6‘, wkdw wkh hhfw ri vxuylyruvkls eldv rq dyhudjh uhwxuqv lv ehwzhhq
314( dqg 317( shu |hdu/ dowkrxjk wkh lpsolflw xqghuo|lqj dvvxpswlrqv rq
wkh vxuylydo surfhvv duh qrw fohdu1 Iru dowhuqdwlyh dqg pruh vrsklvwlfdwhg
phdvxuhv ri shuirupdqfh/ dqg lwv shuvlvwhqfh/ vxuylyruvkls fdq ohdg wr d zlgh
udqjh ri vsxulrxv hpslulfdo uhjxodulwlhv/ wkh irup ri zklfk zloo ghshqg xsrq
wkh vxuylydo surfhvv +vhh/ h1j1 Eurzq hw do1 ^4<<5‘/ Eurzq/ Jrhw}pdqq dqg
Urvv ^4<<8‘ dqg Khqgulfnv/ Sdwho dqg ]hfnkdxvhu ^4<<:‘,1
Lq wklv sdshu zh hpslulfdoo| vwxg| wkh shuirupdqfh ri X1V1 edvhg rshq0
hqg pxwxdo ixqgv iru wkh shulrg 4<;<04<<8/ h{solflwo| wdnlqj lqwr dffrxqw wkh
sureohp ri vxuylyruvkls eldv1 Iroorzlqj wkh plfur0hfrqrplfv olwhudwxuh rq
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vdpsoh vhohfwlrq +vwduwlqj zlwk Khfnpdq ^4<:9/ 4<:<‘,/ zh prgho wkh surfhvv
wkdw ghwhuplqhv dwwulwlrq iurp wkh vdpsoh/ dqg vxevhtxhqwo| dqdo|}h lw mrlqwo|
zlwk +wkh xqghuo|lqj prgho ri, shuirupdqfh hydoxdwlrq1 Dv d frqvhtxhqfh/
wkh jrdo ri wklv sdshu lv wkuhhirog1 Iluvw/ zh ghwhuplqh wkh idfwruv wkdw dhfw
d ixqg*v suredelolw| wr forvh ru phujh dqg ohdyh wkh vdpsoh1 Wkh orqjlwxglqdo
surelw prgho wkdw zh sursrvh h{whqgv wkh prgho lq Eurzq dqg Jrhw}pdqq
^4<<8‘ e| doorzlqj iru djjuhjdwh pdfur0hfrqrplf vkrfnv1 Vhfrqg/ zh dqdo|}h
wkh hhfwv ri wklv vxuylydo surfhvv rq d udqjh ri shuirupdqfh phdvxuhv xvlqj
d Prqwh Fduor h{shulphqw dqg/ wklug/ zh vkrz krz rqh fdq fruuhfw iru wkhvh
vxuylyruvkls eldvhv dqg dsso| wklv wr wkh vdpsoh ri htxlw| ixqgv1 Rxu uhvxowv
vkrz wkdw klvwrulfdo uhwxuqv duh dq lpsruwdqw ghwhuplqdqw iru ixqg vxuylydo/
wkdw vxuylyruvkls eldv lq shuirupdqfh phdvxuhphqw fdq eh vxevwdqwldo/ dqg
wkdw nqrzohgjh ri wkh vxuylydo surfhvv hqdeohv idluo| vlpsoh fruuhfwlrqv iru
vxuylyruvkls eldvhv1 Xvlqj Fdukduw*v ^4<<:d‘ irxu0idfwru prgho iru hydoxdwlqj
pxwxdo ixqg shuirupdqfh/ zh qg d shuvlvwhqfh sdwwhuq wkdw lv vlplodu wr wkh
rqh uhsruwhg lq Fdukduw ^4<<:d‘/ dowkrxjk wkh odwwhu pd| eh vxemhfw wr eldv1
Wkh uhpdlqghu ri wklv sdshu lv rujdql}hg dv iroorzv1 D vw|ol}hg h{dpsoh
lq Vhfwlrq 5 looxvwudwhv wkh srwhqwldo sureohp ri vxuylyruvkls eldv lq shu0
irupdqfh phdvxuhphqw xvlqj d vxuylyruvkls iuhh dv zhoo dv d vxuylyruv0rqo|
vdpsoh ri pxwxdo ixqgv1 Lq Vhfwlrq 6 zh ghvfuleh wkh vdpsoh ri X1V1 edvhg
pxwxdo ixqgv wkdw zh hpsor|1 Zh vkrz wkdw wkh wrwdo qxpehu ri ixqgv wkdw
ohdyhv wkh vdpsoh lv vxevwdqwldo dqg wkhlu dyhudjh uhwxuq lv vxevwdqwldoo| ohvv
wkdq iru vxuylylqj ixqgv1 Wklv lqglfdwhv wkh srwhqwldo iru vxuylyruvkls eldv
dqg wkh qhhg wr fruuhfw iru lw1 Lq Vhfwlrq 7 zh prgho vxuylydo suredelolwlhv
dqg h{dplqh idfwruv wkdw ghwhuplqh ixqg glvdsshdudqfh1 Zh dovr dqdo|}h
zkhwkhu ixqgv zlwk glhuhqw lqyhvwphqw remhfwlyhv/ vxfk dv jurzwk vwrfnv
ru iruhljq vwrfnv/ kdyh glhuhqw suredelolwlhv ri vxuylydo1 D Prqwh Fduor
vwxg|/ suhvhqwhg lq Vhfwlrq :/ vkrzv wkh hhfw ri vxuylyruvkls eldv rq ydu0
lrxv phwkrgv dqdo|}lqj pxwxdo ixqg shuirupdqfh1 Wkh hpslulfdo vxuylydo
surfhvv/ lq zklfk klvwrulfdo uhwxuqv ryhu dw prvw wkuhh |hduv sod| d uroh/ lq0
gxfhv d vsxulrxv sdwwhuq ri shuirupdqfh shuvlvwhqfh wkdw lv L 0vkdshg/ udwkhu
wkdq a0vkdshg dv lq Khqgulfnv/ Sdwho dqg ]hfnkdxvhu ^4<<:‘1 Lq Vhfwlrq ; zh
vkrz krz wkh vxuylydo prgho fdq eh xvhg wr frqvwuxfw zhljkwv wkdw fdq eh
dssolhg wr fruuhfw iru vxuylyruvkls eldvhv1 Wkh hpslulfdo lpsohphqwdwlrq ri
wklv dssurdfk lv suhvhqwhg lq Vhfwlrq </ zkhuh zh h{dplqh shuvlvwhqfh lq wkh
shuirupdqfh ri X1V1 rshq0hqg htxlw| ixqgv ryhu wkh shulrg 4<;<04<<7/ xvlqj
d vlpsoh rqh0idfwru prgho dqg Fdukduw ^4<<:d‘*v irxu0idfwru prgho1 E| dqg
odujh/ rxu uhvxowv vxssruw wkh qglqjv ri Fdukduw ^4<<:d‘ dqg gr qrw lqglfdwh
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wkh h{lvwhqfh ri d krw kdqgv skhqrphqrq lq pxwxdo ixqg shuirupdqfh1 Vhf0
wlrq 43 vxppdul}hv wkh pdlq uhvxowv dqg suhvhqwv vrph frqfoxglqj uhpdunv1
5 D Vw|ol}hg H{dpsoh
Lq rughu wr vkrz wkdw wkh xvh ri d vxuylyruvkls iuhh vdpsoh wr hydoxdwh pxwxdo
ixqg shuirupdqfh vwloo |lhogv eldvhg hvwlpdwhv/ zh zloo lq wklv vhfwlrq dqdo|}h
d vlpsoh h{dpsoh wkdw looxvwudwhv wkh fdxvhv dqg vl}hv ri wkh lpsdfw wkdw
vxuylyruvkls hhfwv fdq kdyh rq shuirupdqfh phdvxuhv1 Pruh h{solflwo|/ zh
zloo h{dplqh wkh hhfw rq wkh dyhudjh uhwxuq ri d pxwxdo ixqg ru d vdpsoh
ri ixqgv jlyhq wkdw pxwxdo ixqg vxuylydo ghshqgv rq sdvw uhwxuqv1
Dvvxph wkdw d srsxodwlrq ri pxwxdo ixqgv h{lvwv/ lqgh{hg  ’ c c
Lq wzr frqvhfxwlyh vdpsoh shulrgv/ hdfk ri wkhp uhdol}hv d uhwxuq >M zlwk
suredelolw| R/ ru >
u 	 >M zlwk suredelolw|   R/ zkhuh R frphv iurp d
furvv0vhfwlrqdo glvwulexwlrq zlwk phdq R Frqvhtxhqwo|/ wkh h{shfwhg uhwxuq
rq pxwxdo ixqg  lv=
> ’ R>
M n E R>uc
zkloh wkh h{shfwhg uhwxuq rq dq duelwudu| ixqg +wkh furvv0vhfwlrqdo dyhudjh,
lv jlyhq e|
> ’ R>M n E R>u
Lq wkh uvw vdpsoh shulrg hdfk ixqg lv revhuyhg/ zkloh lq wkh vhfrqg shulrg
zh revhuyh d ixqg zlwk suredelolw| rqh li lw kdg d uhwxuq o| ’ >
M lq wkh
suhylrxv shulrg dqg zlwk suredelolw| ^ li lw kdg uhwxuq o| ’ >
u1 Lqgh{lqj
gdwd dydlodelolw| lq wkh vhfrqg shulrg e| + ’ c zh wkxv kdyh wkdw
i+ ’ moj ’ ^ n E ^ o  >
u
>M  >u +4,
dqg
i+ ’ j ’ R n E R^ +5,
Wkh vwdqgdug hvwlpdwru iru wkh h{shfwhg uhwxuq > ri ixqg  iurp d *vxuylyru0
vkls iuhh* gdwdedvh lv
	> ’
o n +o2
 n +
 +6,
+Qrwh wkdw o2 lv plvvlqj li + ’ f, E| xvlqj wkh suredelolwlhv iru hdfk ri wkh
srvvleoh rxwfrphv/ lw lv hdvlo| yhulhg wkdw wklv lv qrw dq xqeldvhg hvwlpdwru
6
iru > Lq sduwlfxodu/ lw fdq eh vkrzq wkdw
.i	>j  > ’ d

2
RE RE ^oE>u  >Mc +7,
lqglfdwlqj wkdw +6, xqghuhvwlpdwhv wkh h{shfwhg uhwxuq > Frqvhtxhqwo|/ hyhq
d vxuylyruvkls iuhh vdpsoh lv qrw iuhh ri vxuylyruvkls hhfwv lq wkh vhqvh wkdw
wkh surshuwlhv ri vwdqgdug hvwlpdwruv fdq eh dhfwhg e| wkh vxuylydo surfhvv1
Wkh eldv lqfuhdvhv dv wkh suredelolw| ri vxuylydo ^ ghfuhdvhv1 Qrw vxusulvlqjo|/
wkh eldv glvdsshduv li >M ’ >uc li wkh vxuylydo suredelolw| ^ htxdov rqh ru li
R ’ f ru R ’ 
Frqglwlrqdo xsrq ixqg vxuylydo lq shulrg 5/ wkh h{shfwhg ydoxh ri 	> ’

2
Eo n o2 lv jlyhq e|
.i	>m+ ’ j  > ’

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^ E>
M  >uc +8,
zklfk lqglfdwhv wkdw wkh hvwlpdwru edvhg xsrq wkh vxuylyruv0rqo| vdpsoh
ryhuhvwlpdwhv wkh h{shfwhg uhwxuq >1 Wklv lv gxh wr wkh uhodwlyh devhqfh ri
edg uhwxuqv1
Lqwxlwlyho|/ wkh idfw wkdw wkh hvwlpdwru iru wkh h{shfwhg uhwxuq frqglwlrqdo
xsrq ixqg vxuylydo |lhogv d srvlwlyh eldv/ gxh wr wkh uhodwlyh devhqfh ri orz
uhwxuqv/ vxjjhvwv wkdw lq rughu wr rewdlq dq xqeldvhg hvwlpdwh wkh zhljkw iru
wkh revhuyhg orz uhwxuqv vkrxog eh lqfuhdvhg/ zkloh wkh revhuyhg kljk uhwxuqv
vkrxog kdyh d orzhu zhljkw1 Lq Vhfwlrq ; zh vkrz wkdw xvlqj d zhljkw idfwru
wkdw htxdov wkh lqyhuvh ri wkh qrupdol}hg suredelolw| wkdw ixqg  lv nhsw lq
wkh vdpsoh |lhogv xqeldvhg hvwlpdwhv1 Frqvhtxhqwo|/ wr hvwlpdwh wkh h{shfwhg
uhwxuq > iru ixqg / wkh dssursuldwh zhljkw lv wkh udwlr ri wkh xqfrqglwlrqdo
+5, dqg frqglwlrqdo vxuylydo suredelolw| +4, dqg lv jlyhq e|
 ’
R n E R^
^ n E ^ o3>u
>M3>u
 +9,
Lw lv hdvlo| yhulhg wkdw wkh dgmxvwhg hvwlpdwru > ’

2
Eo n o2 lv dq
xqeldvhg hvwlpdwru edvhg xsrq wkh vdpsoh fkdudfwhul}hg e| + ’  Qrwh wkdw
wkh zhljkwv  ghshqg xsrq uhwxuqv/ o lq wklv fdvh/ dqg duh wkxv hqgrjhqrxv1
Pruhryhu/ wkh| ghshqg xsrq wkh xqnqrzq sdudphwhuv R dqg ^ Wklv lv qrw d
sureohp li zh fdq lghqwli| ixqgv zlwk lghqwlfdo R ydoxhv iurp wkh vxuylyruvkls
iuhh vdpsoh1
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Li zh duh lqwhuhvwhg lq wkh furvv0vhfwlrqdo dyhudjh ri h{shfwhg uhwxuqv
>c wkh qxphudwru lq +9, lv uhsodfhg e| wkh xqfrqglwlrqdo suredelolw| R n
E  R^c zklfk lv gluhfwo| lghqwldeoh iurp wkh gdwd xvlqj revhuydwlrqv rq
doo ixqgv1 E| dgmxvwlqj wkh qxphudwru lq +9, zh fdq wkxv hvwlpdwh h{shfwhg
uhwxuqv iru glhuhqw vxevhwv ri ixqgv1 Lq sduwlfxodu/ wkh qxphudwru vkrxog
htxdo wkh xqfrqglwlrqdo vxuylydo suredelolw| zlwklq d jlyhq vxevdpsoh/ vxfk
wkdw/ zlwklq wkh vxevdpsoh/ .i 

j ’ Qrwh wkdw wklv lpsolhv wkdw doo zhljkwv
htxdo  dqg qr fruuhfwlrq lv qhhghg li zh duh lqwhuhvwhg lq wkh h{shfwhg uhwxuq
lq shulrg 5 frqglwlrqdo xsrq wkh uhwxuq uhdol}hg lq shulrg 41 Wkh uhdvrq lv
wkdw/ jlyhq wkh lqlwldo uhwxuq/ vxuylydo grhv qrw ghshqg xsrq wkh shulrg 5
uhwxuq1
6 Vw|ol}hg Idfwv rq Vxuylydo ri X1V1 Htxlw|
Ixqgv
Lq rughu wr h{dplqh wkh lpsruwdqfh ri wkh hhfw ri frqglwlrqlqj xsrq vxuylydo
iru hpslulfdo shuirupdqfh vwxglhv/ zh hpsor| d gdwd vhw vhohfwhg iurp wkh
Pruqlqjvwdu Pxwxdo Ixqgv Rqglvf gdwdedvh +Iheuxdu| 4<<8 hglwlrq,1 Wklv
gdwdedvh frqwdlqv prqwko| lqirupdwlrq rq pruh wkdq 9333 X1V1 edvhg rshq0
hqg htxlw| dv zhoo dv {hg lqfrph pxwxdo ixqgv1 Wklv vdpsoh vxhuv iurp
vxuylyruvkls ehfdxvh rqo| ixqgv wkdw h{lvwhg dw wkh hqg ri wkh vdpsoh shulrg
+Iheuxdu| 4<<8, duh lqfoxghg1 Pdq| pxwxdo ixqgv kdyh glvdsshduhg iurp
wkh vdpsoh ehfdxvh wkh| kdyh phujhg zlwk rwkhu ixqgv ru duh forvhg grzq
frpsohwho|1 Lq wkh odwwhu fdvh lw lv srvvleoh wkdw wkh pdqdjhphqw ri wkh ixqg
kdv ghflghg wr fkdqjh wr d forvhg0hqg ixqg/ ru wkdw wkh lqyhvwruv ri wkh ixqg
duh rhuhg wkh rssruwxqlw| wr zlwkgudz wkhlu prqh| dqg lqyhvw lw lq dqrwkhu
ixqg ri wkh vdph lqyhvwphqw frpsdq|1 D uvw vwhs lq rewdlqlqj uhvxowv iuhh ri
vxuylyruvkls eldv/ lv wkh lqfoxvlrq ri dwwulwhg ixqgv lq wkh vdpsoh1 Zh glg vr
e| h{whqglqj wkh gdwdedvh zlwk wkh pxwxdo ixqgv wkdw glvdsshduhg ehwzhhq
wkh uvw prqwk ri 4<;< dqg wkh odvw prqwk ri 4<<71 Lq wkh vhtxho zh zloo
uhihu wr wklv gdwd vhw/ fryhulqj 4<;<04<<7/ dv wkh frpelqhg *vxuylyruvkls iuhh*
vdpsoh41
Lq wklv sdshu/ iroorzlqj suhylrxv vwxglhv/ zh frqfhqwudwh rq htxlw| ixqgv1
Gxulqj wkh shulrg Mdqxdu| 4<;< wr Ghfhpehu 4<<7/ zh revhuyh 59:; ixqgv
4Xqiruwxqdwho|/ Pruqlqjvwdu zdv xqdeoh wr surylgh lqirupdwlrq derxw ixqgv wkdw fhdvhg
wr h{lvw ehiruh 4<;<1
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zlwk wkhlu qdph/ remhfwlyh/ wkh |hdu ri ixqg lqfhswlrq/ dqg prqwko| uhwxuqv
xqwlo wkh prqwk ri glvdsshdudqfh1 Lq frqwudvw wr Fdukduw ^4<<:e‘ zh dovr
lqfoxghg vshfldow| ixqgv +l1h1 5:6 vhfwru ixqgv,/ lqwhuqdwlrqdoo| glyhuvlhg
X1V1 edvhg ixqgv +7<3, dqg d qxpehu ri ixqgv zklfk dgyhuwlvh dv *edodqfhg
ixqg* dqg lqyhvw ohvv wkdq 83( lq {hg lqfrph vhfxulwlhv +4;3,1 Iru :< ixqgv
Pruqlqjvwdu glg qrw uhsruw dq lqyhvwphqw remhfwlyh1 Iru 66 ixqgv ri wklv
jurxs wkh lqyhvwphqw remhfwlyh zdv reylrxv iurp wkhlu qdph1 Wkh uhpdlqlqj
79 ixqgv zhuh fodvvlhg dv kdylqj dq crwkhu* lqyhvwphqw remhfwlyh1 Wdeoh 4
suhvhqwv wkh qxpehu ri ixqgv e| lqfhswlrq |hdu dqg wkh qxpehu ri wkhp wkdw
glg qrw vxuylyh wkh shulrg Mdqxdu| 4<;< wr Ghfhpehu 4<<7/ djjuhjdwhg wr d
|hduo| ohyho1 Qrwh wkdw zh djjuhjdwhg doo ixqgv zlwk dq lqfhswlrq gdwh ehiruh
4<::/ zklfk h{sodlqv wkh uhodwlyh odujh qxpehu ri 5:< ixqgv zlwk lqfhswlrq
|hdu 4<:91
Wdeoh 4 vkrzv wkdw 7<; ri wkh pxwxdo ixqgv lq rxu vdpsoh glvdsshduhg
ehwzhhq Mdqxdu| 4<;< dqg Ghfhpehu 4<<7 gxh wr phujhu ru oltxlgdwlrq/
zklfk fruuhvsrqgv zlwk d |hduo| dyhudjh ri 816(1 Wklv hvwlpdwh glhuv iurp
Fdukduw ^4<<:e‘/ zkr uhsruwv d qrq0vxuylydo udwh ri 619( ryhu wkh shulrg 4<95
wr 4<<8/ zklfk lqfuhdvhv wr 719 ( iru wkh shulrg 4<;< wr 4<<71 Wkh uhpdlqlqj
glhuhqfh zlwk rxu |hduo| dyhudjh lv gxh wr lqfoxvlrq ri w|shv ri ixqgv lq
rxu vdpsoh wkdw kdyh uhodwlyho| orz vxuylydo udwhv +frpsduh Wdeoh 6 ehorz,1
Ixuwkhupruh/ orrnlqj dw/ iru lqvwdqfh/ wkh 4:6 ixqgv wkdw vwduwhg lq 4<<3/
5<18( ri wkhp douhdg| glvdsshduhg zlwklq wkh qh{w irxu |hduv1 D vlplodu
sdwwhuq vhhpv wr krog iru rwkhu |hduv/ vr wkdw d uvw frqfoxvlrq zrxog eh
wkdw d odujh sduw ri wkh ghixqfw ixqgv glvdsshduhg dw d uhodwlyho| |rxqj djh/
djh ehlqj ghqhg dv wkh wlph hodsvhg vlqfh ixqg lqfhswlrq1 Dssduhqwo|/ lw lv
qrw rqo| wkh fdvh wkdw wkh qxpehu ri pxwxdo ixqgv kdv jurzq dw dq lqfuhdvlqj
udwh ryhu wkh odvw ghfdgh/ exw dovr wkdw wkh uhodwlyh qxpehu ri ixqgv wkdw kdv
forvhg grzq ru phujhg kdv lqfuhdvhg vljqlfdqwo|1 Dw d pruh glvdjjuhjdwhg
ohyho +qrw uhsruwhg lq wkh wdeoh,/ lw dsshduv wkdw lq vrph prqwkv uhodwlyho|
pdq| pxwxdo ixqgv ohdyh wkh vdpsoh zkloh lq rwkhu prqwkv doprvw qr ixqgv
glvdsshdu/ lqglfdwlqj wkdw frpprq djjuhjdwh idfwruv pd| sod| d uroh lq ixqg
glvdsshdudqfh dv zhoo1
Lw lv riwhq fodlphg wkdw d edg uhfrug ri ixqg uhwxuqv lv rqh ri wkh pdlq
uhdvrqv wkdw ixqgv glvdsshdu iurp d vdpsoh +vhh/ h1j1 Howrq/ Juxehu dqg
Eodnh ^4<<9‘,1 Orz uhwxuqv frpsduhg wr rwkhu ixqgv dv zhoo dv orz uhwxuqv
uhodwlyh wr vrph ehqfkpdun sruwirolr vhhp wr eh d uhdvrq iru wkh pdqdjhphqw
ri wkh ixqg wr forvh grzq wkh ixqg ru wr ohw wkh ixqg phujh +vhh Eurzq dqg
Jrhw}pdqq ^4<<8‘,1 Wdeoh 5 suhvhqwv wkh dyhudjh txduwhuo| uhwxuqv iru wkh
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Wdeoh 4= Qxpehu ri Qrq0vxuylyruv1 Wkh wdeoh uhsruwv wkh dqqxdo qxpehu ri
ixqgv e| lqfhswlrq |hdu vlqfh 4<:9 dqg wkh dqqxdo qxpehu wkdw fhdvhg wr h{lvw
ehwzhhq 4<;< wkurxjk 4<<7 1 Wkh urz odehoohg *Qrq0vxuy1 Udwh* frqwdlqv wkh
qxpehu ri glvdsshdulqj ixqgv glylghg e| wkh wrwdo qxpehu ri ixqgv dw wkh ehjlqqlqj
ri wkh |hdu1
Lqfhswlrq rxw lq |hdu=
|hdu wrwdo lq 4<;< 4<<3 4<<4 4<<5 4<<6 4<<7 wrwdo rxw
4<:9 5:< 8 6 7 : 49 ; 76
4<:: 47 4 4 5 7
4<:; 46 5 5 7
4<:< 44 4 4 4 6
4<;3 43 4 4
4<;4 59 5 4 4 7
4<;5 66 4 5 5 6 4 <
4<;6 8; 7 6 6 6 6 5 4;
4<;7 :8 5 6 5 6 8 48
4<;8 <; 5 8 8 6 9 7 58
4<;9 476 4 44 ; < 46 : 7<
4<;: 495 6 9 < : 49 44 85
4<;; 473 5 5 : 46 47 43 7;
4<;< 43: 6 8 7 45 : 64
4<<3 4:6 44 9 4; 49 84
4<<4 4;: ; : 56 6;
4<<5 5:: 4: 48 65
4<<6 883 46 73 86
4<<7 655 4; 4;
wrwdo= 59:; 54 69 94 9; 478 49: 7<;
Qrq0vxuy1 Udwh +(2|u, 41<; 6147 71:8 71;5 ;1<8 ;158 8164
:
shulrg 4<;<04<<7 iru wkh ixqgv wkdw vxuylyhg xqwlo wkh hqg ri 4<<7/ iru wkh
ixqgv wkdw glg qrw vxuylyh/ dqg iru wkh frpelqhg vdpsoh1 Iru frpsdulvrq/
zh dovr dgghg wkh txduwhuo| uhwxuqv rq wkh Vwdqgdug dqg Srru 833 dqg wkh
uhwxuqv rq d wkuhh prqwk Wuhdvxu| Eloo ryhu wkh vdph shulrg1
Lq dffrugdqfh zlwk rwkhu vwxglhv/ olnh Pdonlho ^4<<8‘/ lw dsshduv wkdw lq
doprvw doo txduwhuv wkh vxuylylqj ixqgv kdg d kljkhu dyhudjh uhwxuq wkdq
wkh qrq0vxuylylqj ixqgv/ lqglfdwlqj wkdw orz uhwxuqv lqfuhdvh wkh suredelolw|
ri glvdsshdudqfh1 Ixuwkhupruh/ wkh dyhudjh dqqxdo uhwxuq ryhu wkh shulrg
4<;< wkurxjk 4<<7 iru wkh vdpsoh frqwdlqlqj wkh vxuylylqj ixqgv lv 3197(
kljkhu wkdq iru wkh frpelqhg vdpsoh ri ixqgv/ l1h1 44177 ( yhuvxv 431;3 (1
Lq frqwudvw/ Pdonlho ^4<<8‘ qgv d glhuhqfh ri 4183 ( ryhu wkh shulrg 4<;5
wkurxjk 4<<4/ Howrq/ Juxehu dqg Eodnh ^4<<8‘ hyhq qg d glhuhqfh ri 41;: (
iru 4<:9 wkurxjk 4<<6/ zkloh Eurzq dqg Jrhw}pdqq ^4<<8‘ uhsruw d glhuhqfh
ri 31;3 ( ryhu wkh shulrg 4<::04<;:1 Qrwh wkdw doo hvwlpdwhv iru wklv hhfw
ri vxuylyruvkls lq frpsxwlqj dyhudjh uhwxuqv duh kljkhu wkdq wkh dw prvw
3173 (/ wkdw zdv fodlphg e| Julqeodww dqg Wlwpdq ^4<;<‘1 Lq prvw txduwhuv
wkh dyhudjh uhwxuq ri wkh pxwxdo ixqgv xqghushuirupv wkh V)S833 zklfk
frxog eh gxh wr wkh idfw wkdw wkh htxlw| ixqgv krog erqgv dqg oltxlglwlhv dv
zhoo1 Rq dq dqqxdo edvlv zh qg d glhuhqfh ehwzhhq wkh V)S833 dqg wkh
frpelqhg vdpsoh ri ixqgv ri 4185 (/ l1h1 45165 ( yhuvxv 431;3 (1
Lq rughu wr h{dplqh zkhwkhu wkh vxuylydo udwh ydulhv zlwk wkh ixqgv* lq0
yhvwphqw remhfwlyh/ zh eurnh grzq wkh vdpsoh e| lqyhvwphqw vw|ohv1 Zkloh
Pruqlqjvwdu uhsruwv lqyhvwphqw remhfwlyhv lq wkluwhhq glhuhqw fdwhjrulhv/ zh
fkrvh wr iroorz rwkhu vwxglhv +Pdonlho ^4<<8‘/ Eurzq dqg Jrhw}pdqq ^4<<8‘,/
dqg ghflghg wr vsolw wkh vdpsoh/ iru hdvh ri frpsdulvrq/ lqwr vl{ fdwhjrulhv1
Wkh fdwhjru| *rwkhu* uhsuhvhqwv wkh htxlw| ixqgv wkdw frxog qrw eh fohduo|
dvvljqhg wr dq| ri wkh rwkhu yh fdwhjrulhv/ vr lw frqwdlqv/ iru lqvwdqfh/ wkh
ixqgv wkdw dgyhuwlvh dv htxlw| ixqg dqg lqyhvw ohvv wkdq 83( lq {hg lqfrph
vhfxulwlhv dv zhoo dv wkh ixqgv zlwk xqnqrzq lqyhvwphqw remhfwlyh1 Wdeoh 6
suhvhqwv wkh dyhudjh txduwhuo| uhwxuq ryhu wkh shulrg 4<;<04<<7 iru doo ixqgv
dv zhoo dv iru wkh vxevhw ri ixqgv wkdw vxuylyhg xqwlo wkh hqg ri 4<<7 iru
hdfk ri wkh vl{ lqyhvwphqw remhfwlyhv51 Lw dsshduv wkdw wkh fdwhjrulhv *vsh0
fldow|* dqg *rwkhu* kdg wkh kljkhvw shufhqwdjh ri qrq0vxuylyruv1 Pruhryhu/
wkh glhuhqfh ehwzhhq wkh dyhudjh dqqxdo uhwxuqv iru wkh *vshfldow|* fdwhjru|
lv 4173(/ zklfk lv pxfk kljkhu wkdq wkh 3197( iru wkh djjuhjdwhg vdpsoh ri
5Qrwh wkdw d ixqg*v lqyhvwphqw remhfwlyh lv vhoi0uhsruwhg dqg fdq wkhuhiruh hdvlo| ohdg
wr jdplqj wr lpsuryh uhodwlyh h{ srvw uhwxuq udqnlqjv +vhh Eurzq dqg Jrhw}pdqq ^4<<:`,1
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Wdeoh 5= Dyhudjh txduwhuo| uhwxuqv1 Wkh wdeoh uhsruwv wkh dyhudjh txduwhuo|
uhwxuqv iru wkh ixqgv wkdw vxuylyhg xqwlo wkh hqg ri 4<<7/ dyhudjh txduwhuo| uhwxuqv
iru wkh ixqgv wkdw fhdvhg wr h{lvw gxulqj 4<;<04<<7/ dqg wkh dyhudjh uhwxuq iru wkh
frpelqhg vdpsoh1 Ixuwkhupruh/ zh suhvhqw wkh txduwhuo| uhwxuqv iru wkh Vwdqgdug
dqg Srru 833 dqg Wuhdvxu| eloov1 Wkh froxpqv odehoohg *Qxpehu* frqwdlq wkh
qxpehu ri ixqgv ryhu zklfk wkh dyhudjh txduwhuo| uhwxuq lv fdofxodwhg1
txduwhu Vxuylylqj Ixqgv Qrq0Vxuylyruv Frpelqhg uhwxuq uhwxuq
Phdq Phdq Phdq V)S833 w0eloo
uhwxuq Qxpehu uhwxuq Qxpehu uhwxuq
4<;<234 9183 ;4< 8139 5<9 9145 :136 41;8
235 9169 ;63 815; 5<7 913; ;1;3 514<
236 <1:< ;76 :1<: 5;< <165 43197 5143
237 3167 ;8; 03178 5;9 3147 5138 41<;
4<<3234 051:5 ;;; 051:; 5<; 051:7 06135 41:<
235 81:8 <54 7198 639 817: 915< 5133
236 0471<4 <84 046168 633 047187 0461:; 41<8
237 91;6 <;3 8134 634 9173 ;1<8 41;9
4<<4234 48149 4358 45163 63; 47183 47189 4177
235 031:< 438; 04154 634 031;; 03154 4176
236 91<4 43<8 81<< 5;7 91:5 816; 4174
237 :157 445< 9136 5:; :133 ;169 4153
4<<5234 03196 44;7 041:8 5:7 031;7 05188 31<9
235 0413: 4546 04167 598 04145 41<: 31<5
236 4177 45<; 31<6 587 4169 6143 31;6
237 91;7 46:7 8196 575 9199 8143 31:8
4<<6234 71;; 4848 618< 574 71:3 715; 31:4
235 51;9 4936 5143 586 51:8 3184 31:4
236 819< 4:65 7184 497 818< 5189 31:8
237 714< 4;:4 5169 483 7138 5164 31:3
4<<7234 06146 5376 06179 469 06148 061;5 31:6
235 05136 54;4 05194 448 05139 3174 31<3
236 819< 54;6 51:: 54 8199 71<5 4134
237 05178 54;7 1 1 05178 03136 4153
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Wdeoh 6= Vxppdu| Vwdwlvwlfv e| Remhfwlyh Fdwhjru|1 Wkh wdeoh vkrzv iru
vl{ lqyhvwphqw remhfwlyhv fdwhjrulhv wkh dyhudjh txduwhuo| uhwxuq iru wkh frpelqhg
vdpsoh dqg wkh dyhudjh txduwhuo| uhwxuq iru wkh ixqgv wkdw vxuylyhg xqwlo wkh hqg ri
4<<7 dv zhoo dv wkh qxpehu ri ixqgv lq hdfk fdwhjru|/ wkh qxpehu ri qrq0vxuylyruv
dqg wkh fruuhvsrqglqj gurs0rxw shufhqwdjh1
Jurxs Frpelqhg Vxuylylqj Ixqgv Gurs
Remhfwlyh phdq phdq rxw
uhwxuq Qxpehu uhwxuq Qxpehu (
4= Djjuhvvlyh Jurzwk 61:3 <8 61;; :: 4;1<
5= Jurzwk2Vpdoo Frpsdqlhv 6145 4385 6155 <37 4714
6= Lqfrph2Jurzwk0Lqfrph 517< 873 518< 767 4<19
7= Vshfldow| 5184 5:6 51;9 534 5917
8= Iruhljq2Zruog 5137 7<3 514; 75< 4517
9= Rwkhu 5138 559 514: 46; 6;1<
pxwxdo ixqgv1
7 Zkdw Ghwhuplqhv Pxwxdo Ixqg VxuylydoB
Lq Vhfwlrq 5 zh vkrzhg wkdw wkh xvh ri d vxuylyruvkls iuhh vdpsoh grhv qrw
jxdudqwhh wkdw vwdqgdug hvwlpdwruv ri pxwxdo ixqg shuirupdqfh |lhog xqel0
dvhg hvwlpdwhv1 Pruhryhu/ dv zh eulh | vkrzhg lq Vhfwlrq 5 dqg zkdw zloo
eh pruh h{whqvlyho| eh glvfxvvhg lq Vhfwlrq ;/ wkh xvh ri d vlpsoh zhljkw
idfwru edvhg rq wkh udwlr ri wkh xqfrqglwlrqdo dqg frqglwlrqdo vxuylydo sure0
delolw| lv vx!flhqw wr fruuhfw iru vxuylyruvkls eldv lq vwdqgdug hvwlpdwruv1
Frqvhtxhqwo|/ lq rughu wr fruuhfw iru vxuylyruvkls eldv zh uvw ri doo kdyh wr
ghwhuplqh wkh idfwruv wkdw dhfw pxwxdo ixqg vxuylydo suredelolwlhv/ zklfk
pruhryhu/ doorzv xv wr dqdo|}h wkh hhfwv ri vxuylyruvkls rq d ydulhw| ri
shuirupdqfh hydoxdwlrq whfkqltxhv1
Lq wkh suhylrxv vhfwlrq zh qrwhg wkdw pxwxdo ixqgv wkdw ohdyh wkh vdpsoh
kdyh rq dyhudjh orzhu uhwxuqv1 Pruhryhu/ prvw ri wkh glvdsshdudqfh rffxuv
dw d uhodwlyho| |rxqj djh/ lqglfdwlqj wkdw d edg uhfrug ri uhwxuqv lq wkh uvw
ihz |hduv ri lwv h{lvwhqfh vhulrxvo| ghfuhdvhv d ixqg*v vxuylydo suredelolwlhv1
Lw fdq dovr eh qrwhg wkdw lq sduwlfxodu prqwkv ixqg glvdsshdudqfh lv pxfk
odujhu wkdq fdq eh h{shfwhg rq wkh edvlv ri revhuyhg uhwxuqv1 Wr dffrxqw iru
wklv/ zh lqfoxgh d frpprq wlph hhfw lq rxu vshflfdwlrq1
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Ohw +| eh dq lqglfdwru yduldeoh wkdw lqglfdwhv zkhwkhu ru qrw ixqg  kdv dq
revhuyhg uhwxuq lq shulrg | Rxu uvw vshflfdwlrq ghvfulehv wkh suredelolw|
ri ixqg vxuylydo E+| ’  xvlqj d orqjlwxglqdo surelw prgho/ vxfk wkdw d ixqg
vxuylyhv li dq xqghuo|lqj odwhqw yduldeoh/ +W
|
lv srvlwlyh1 Wkdw lv/
+W
|
’ kn
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+| ’  li ixqg  lv revhuyhg lq txduwhu | ++
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zkhuh oc|3 lv wkh uhwxuq ri ixqg  lq txduwhu | c w lv dq xqnqrzq frqvwdqw/
@}ec|3 lv wkh wlph lq |hduv vlqfh ixqg lqfhswlrq/ dqg b| ghqrwhv d wlph hi0
ihfw ghvfulelqj hfrqrp| zlgh hhfwv1 Wkh huuru whup #| lv dvvxphg wr eh
vwdqgdug qrupdoo| glvwulexwhg/ lqghshqghqwo| ryhu ixqgv dqg shulrgv1 l1h1
#|  UUEfc  Wkh  frh!flhqwv phdvxuh wkh lpsdfw ri klvwrulfdo uhwxuqv
dqg/ srwhqwldoo|/ ydu| ryhu ixqgv dqg odjv1 Wr suhyhqw wkdw wkh prgho rqo|
dssolhv wr ixqgv wkdw kdyh d uhwxuq klvwru| ri dw ohdvw a txduwhuv/ dqg lv wkxv
frqglwlrqdo xsrq kdylqj vxuylyhg wkhvh a txduwhuv/ zh hpsor| d  h{leoh sdud0
phwul}dwlrq ri wkh hhfwv ri odjjhg uhwxuqv vxfk wkdw wkh prgho lv frqglwlrqdo
xsrq wkh revhuyhg uhwxuq klvwru| rqo|1 Lq dgglwlrq/ wr dyrlg glphqvlrqdolw|
sureohpv/ zh dvvxph wkdw wkh *v fdq eh ghvfulehg e| d sro|qrpldo lq c
pxowlsolhg e| d idfwru wkdw ghshqgv xsrq wkh qxpehu ri odjjhg uhwxuqv wkdw
lv dydlodeoh1 Ohw 6| ghqrwh wkh qxpehu ri odjjhg txduwhuo| uhwxuqv wkdw lv
dydlodeoh iru ixqg  lq txduwhu |c zlwk d pd{lpxp ri a Wkhq/ zh dvvxph wkh
iroorzlqj vwuxfwxuh iru wkh odjjhg txduwhuo| uhwxuqv frh!flhqwv6
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& lv d sro|qrpldo ri ghjuhh wkuhh/ dqg UE  lv wkh lqglfdwru
ixqfwlrq wkdw htxdov  li  lv vpdoohu wkdq ru htxdo wr 6| dqg f rwkhuzlvh1
Qrwh wkdw iru pxwxdo ixqgv zlwk d uhwxuq uhfrug ri pruh wkdq a txduwhuv/ wkh
odjjhg txduwhuo| uhwxuqv frh!flhqwv fdq vlpso| eh ghvfulehg e|
S

&'f @&
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Wkh dgydqwdjh ri d sro|qrpldo odj vwuxfwxuh lv wkdw zh rqo| kdyh wr hvwlpdwh
d uhvwulfwhg qxpehu ri sdudphwhuv/ lqfuhdvlqj suhflvlrq ri wkh hvwlpdwhv/ dqg/
pruhryhu/ d vprrwk sdwwhuq ri wkh frh!flhqwv lv dxwrpdwlfdoo| lpsrvhg1 Dv
6Iru qrwdwlrqdo vlpsolflw|/ wkh idfw wkdw wkh lm frh!flhqwv ydu| ryhu wlph dv d ixqfwlrq
ri plw +iru d vxevdpsoh ri wkh ixqgv, lv qrw uh hfwhg lq wkhlu lqglfhv1
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lw lv lpsolflwo| dvvxphg wkdw ixuwkhu odjv ri wkh uhwxuqv duh luuhohydqw/ zh
uhvwulfw wkh sro|qrpldo frh!flhqwv vxfk wkdw wkh k|srwkhwlfdo frh!flhqw iru
odj a n lv }hur1 Wklv jlyhv dq dgglwlrqdo uhvwulfwlrq wkdw fdq eh vxevwlwxwhg
lq +:, dqg uhgxfhv wkh qxpehu ri sdudphwhuv ghvfulelqj yduldwlrq lq  wr
irxu1 Lw vkrxog eh qrwhg/ ehfdxvh ri wkh suhvhqfh ri wkh wlph hhfwv dqg
wkh wuxqfdwlrq ri 6|c wkdw erwk 1 dqg w duh rqo| lghqwlhg iurp lqirupdwlrq
frqwdlqhg lq ixqgv wkdw h{lvw ohvv wkdq 45 txduwhuv1
Zh hvwlpdwh +:, zlwk irxu Ea ’ ec hljkw +a ’ H dqg wzhoyh +a ’ 2
odjjhg txduwhuo| uhwxuqv lqfoxghg/ ryhu wkh shulrg 4<;<234 wkurxjk 4<<72371
Wdeoh 7 uhsruwv wkh hvwlpdwhv iru wkh odjjhg txduwhuo| uhwxuq sdudphwhuv 

wkurxjk a c wkh frqvwdqw ixqg uhwxuq sdudphwhu w dqg wkh djh sdudphwhu
 Wkh frh!flhqw hvwlpdwhv iru wkh wlph gxpplhv fdq eh irxqg lq Wdeoh <
+Dsshqgl{ E,1 Lw dsshduv wkdw odjjhg txduwhuo| uhwxuqv/ djh ri wkh ixqg dqg
wkh djjuhjdwh wlph hhfw kdyh d vljqlfdqw hhfw rq ixqg glvdsshdudqfh +dw
wkh 8( ohyho,1 Orz uhwxuqv iru d qxpehu ri frqvhfxwlyh txduwhuv lqfuhdvh wkh
suredelolw| ri ohdylqj wkh vdpsoh1 Wkh srvlwlyh frh!flhqw iru djh lqglfdwhv
wkdw/ fhwhulv sdulexv/ wkh roghu wkh ixqg/ wkh pruh olnho| lw lv wr vxuylyh1 Lw lv
dovr fohdu iurp wkh uhvxowv wkdw wkh suredelolw| ri ixqg glvdsshdudqfh ydulhv
vljqlfdqwo| ryhu wkh txduwhuv/ hyhq li uhwxuqv kdyh qrw fkdqjhg1 Qrwh wkdw
wkh wlph hhfwv fdswxuh doo ixqg0lqyduldqw yduldeohv/ lqfoxglqj/ iru h{dpsoh/
wkh uhwxuq rq wkh pdunhw sruwirolr dqg wkh whup vwuxfwxuh ri lqwhuhvw udwhv1
Prvw vwulnlqjo|/ gxulqj wkh wklug txduwhuv ri 4<<6 dqg 4<<7/ ixqg glvdsshdu0
dqfh kdv ehhq pxfk pruh olnho| wkdq lq rwkhu txduwhuv1
Wkh hvwlpdwhg ydoxhv iru 1 ydu| d orw ehwzhhq wkh vshflfdwlrqv dqg duh
qrw vljqlfdqwo| glhuhqw iurp }hur1 Wklv lqglfdwhv wkdw wkh devroxwh zhljkwv
ri uhfhqw klvwrulfdo uhwxuqv gr qrw lqfuhdvh iru ixqgv zlwk d vkruw klvwru|1 Sxw
glhuhqwo|/ wkh uhwxuqv lq/ vd|/ wkh odvw irxu txduwhuv duh htxdoo| lpsruwdqw
luuhvshfwlyh ri zkhwkhu wkh ixqg kdv d klvwru| ri mxvw wkhvh irxu ru pruh wkdq
wzhoyh txduwhuo| uhwxuqv1 Wkh frh!flhqw w vhuyhv wkh sxusrvh ri dgmxvwlqj
wkh phdq ri wkh surelw ixqfwlrq zkhq 6| fkdqjhv/ vxfk wkdw wkh qxpehu ri
uhwxuqv lqfoxghg grhv qrw jlyh d vsxulrxv hhfw rq wkh vxuylydo suredelolwlhv
wkurxjk wkhlu qrq}hur phdqv1
Wkh wkuhh vshflfdwlrqv lq Wdeoh 7 duh whvwhg djdlqvw hdfk rwkhu dqg
djdlqvw pruh jhqhudo dowhuqdwlyhv1 Qrwh wkdw wkh qxpehu ri sdudphwhuv lq
hdfk ri wkh wkuhh prghov lv wkh vdph1 Wr whvw zkhwkhu wkh lqfoxvlrq ri dg0
glwlrqdo odjv zrxog lpsuryh wkh prghov/ zh dssolhg yduldeoh dgglwlrq whvw wr
wkh wkuhh vshflfdwlrqv1 Wkhvh whvwv duh Odjudqjh Pxowlsolhu whvwv iru wkh
qxoo k|srwkhvhv wkdw wkh frh!flhqwv iru rqh ru pruh dgglwlrqdo odjv/ dgghg
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Wdeoh 7= Hvwlpdwlrq uhvxowv1 Wkh wdeoh suhvhqwv hvwlpdwlrq uhvxowv iru surelw
vshflfdwlrq +:, zlwk irxu +M @ 7,/ hljkw +M @ ;, dqg wzhoyh +M @ 45, odjjhg
txduwhuo| uhwxuqv/ d frqvwdqw ixqg uhwxuq / djh ri wkh ixqg +lq |hduv, dqg 57
wlph gxpplhv dv h{sodqdwru| yduldeohv1 Zh gr qrw uhsruw wkh hvwlpdwhv iru wkh
sro|qrpldo frh!flhqwv/ exw rqo| uhsruw wkh lpsolhg hvwlpdwhv iru wkh odjjhg txdu0
whuo| uhwxuqv xqghu wkh frqglwlrq wkdw d ixqg kdv pruh wkdq M txduwhuo| uhwxuqv
dydlodeoh1 Qrwh wkdw iru ixqgv zlwk ohvv wkdq M klvwrulfdo uhwxuqv dydlodeoh/ wkh
frh!flhqwv iru wkh odjjhg uhwxuq vkrxog eh lq dwhg e| d idfwru +vhh pdlq wh{w,1
Wkh wrwdo qxpehu ri revhuydwlrqv lv 696441
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xquhvwulfwhgo| wr wkh prgho/ duh }hur1 Pruh ghwdlov derxw wklv dqg vxevhtxhqw
whvwv duh surylghg lq Dsshqgl{ D1
Sdqho D ri Wdeoh 7 suhvhqwv wkh rxwfrph ri wkh whvwv iru wkh lqfoxvlrq ri
dgglwlrqdo odjjhg uhwxuqv1 Fohduo|/ wkh vshflfdwlrqv zlwk a ’ e dqg a ’ H
duh ryhuo| uhvwulfwlyh dqg kdyh wr eh uhmhfwhg djdlqvw dowhuqdwlyhv zlwk dggl0
wlrqdo odjv1 Iru wkh prgho zlwk wkuhh |hduv ri txduwhuo| uhwxuqv +a ’ 2 lw
fdqqrw eh uhmhfwhg wkdw ixuwkhu odjv kdyh }hur frh!flhqwv1 Dv lw lv zhoo nqrzq
wkdw ylrodwlrq ri wkh dvvxpswlrq ri krprvnhgdvwlf huuru whupv w|slfdoo| ohdgv
wr lqfrqvlvwhqf| ri wkh pd{lpxp olnholkrrg hvwlpdwruv lq olplwhg ghshqghqw
yduldeoh prghov +vhh/ h1j1 Dphpl|d ^4<;9 s1 59; 1‘,/ zh dovr whvw wkh vshfl0
fdwlrq zlwk a ’ 2 djdlqvw khwhurvnhgdvwlf dowhuqdwlyhv/ wkh huuru yduldqfh
ehlqj ixqfwlrqv ri odjjhg uhwxuqv/ ixqg djh ru erwk1 Wkh uhvxowv ri wkh Od0
judqjh Pxowlsolhu whvwv/ suhvhqwhg lq Wdeoh 7/ gr qrw fdxvh dq| grxew rq wkh
ydolglw| ri wkh krprvnhgdvwlflw| dvvxpswlrq1 Dqrwkhu fuxfldo dvvxpswlrq lv
wkdw ri qrupdolw|/ zklfk zh whvwhg djdlqvw wkh pruh jhqhudo Shduvrq idplo|
ri glvwulexwlrqv/ dv ghvfulehg e| Qhzh| ^4<;8‘1 Vrphzkdw vxusulvlqjo| jlyhq
wkh odujh qxpehu ri revhuydwlrqv/ zh duh qrw deoh wr uhmhfw qrupdolw| hlwkhu1
Ilqdoo|/ zh whvwhg wkh lqfoxvlrq ri qrqolqhdu ixqfwlrqv ri djh dqg rqfh pruh
gr qrw uhmhfw wkh prgho1
Ohw xv qrz orrn dw rxu suhihuuhg vshflfdwlrq zlwk a ’ 2 lq pruh ghwdlo1
Iru ixqgv zlwk d uhwxuq klvwru| ri ohvv wkdq 45 prqwkv/ wkh frh!flhqwv lq
Wdeoh 7 duh qrw dssursuldwh dqg vkrxog eh dgmxvwhg zlwk wkh hvwlpdwhg idfwru
1 *?Ea n  6| dqg vhw wr }hur iru wkh xqdydlodeoh uhwxuqv1 Wkh uhvxowv ri
wklv h{huflvh duh suhvhqwhg lq Wdeoh 43 lq Dsshqgl{ E1 Xvlqj wkh hvwlpdwhv
iru wkh sdqho gdwd surelw prgho zlwk 2 txduwhuo| uhwxuqv lqfoxghg/ zh fdq
frpsxwh wkh suredelolw| wkdw d ixqg zloo glvdsshdu lq wkh qh{w txduwhu jlyhq
wkh sdvw uhfrug ri uhwxuqv dqg wkh djh ri wkh ixqg71 Lq Iljxuh 6 zh vkrz
wkh suredelolw| ri glvdsshdudqfh iru ixqgv zlwk glhuhqw djhv/ zkhuh wkh sdvw
uhfrug ri uhwxuqv ydulhv iurp DI wr nDI iru hdfk ri wkh odvw irxu txduwhuv
dqg wkh txduwhuo| uhwxuqv iru wkh txduwhuv |D wkurxjk |2 duh {hg dw 6133
(/ fruuhvsrqglqj wr wkh dyhudjh txduwhuo| uhwxuq ryhu wkh shulrg 4<;<04<<71
Wkh suredelolwlhv duh dyhudjhg ryhu wkh 57 glhuhqw txduwhuv1 Dowhuqdwlyho|/
7Ehfdxvh ri wkh lqfoxvlrq ri wkh {hg wlph hhfwv/ suredelolwlhv duh dovr frqglwlrqdo xsrq
djjuhjdwh pdunhw pryhphqwv1 Dv wkhvh pd| qrw eh revhuyhg lq dgydqfh/ wkh suredelolwlhv
ri vxuylydo gr qrw fruuhvsrqg wr h{ dqwh suredelolwlhv/ dv hpsor|hg lq Eurzq/ Jrhw}pdqq
dqg Urvv ^4<<8`1 Holplqdwlqj eldvhv/ zklfk lv dq h{ srvw h{huflvh/ grhv qrw uhtxluh nqrzo0
hgjh ri wkhvh h{ dqwh suredelolwlhv/ exw udwkhu wkh vxuylydo suredelolwlhv frqglwlrqdo xsrq
rwkhu revhuydeohv1
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Wdeoh 8= Uhvxowv ri plvvshflfdwlrq whvwv1 Wkh wdeoh uhsruwv iru wkh vshfl0
fdwlrqv +:, dqg +<, rxwfrphv ri OP whvwv iru plvvlqj lpsdfwv ri sdvw shuirupdqfh
ri wkh ixqg/ lwv vw|oh dqg wkh vshflfdwlrq ri djh1 Doo whvw vwdwlvwlfv kdyh dq dv0
|pswrwlf qxoo glvwulexwlrq wkdw lv Fkl0vtxduhg zlwk ghjuhhv ri iuhhgrp jlyhq e|
GI1 D - lqglfdwhv uhmhfwlrq dw wkh 8( ohyho1 Vhh Dsshqgl{ D iru ghwdlov
Sdqho D= Yduldeoh Dgglwlrq Whvw
Vshflfdwlrq Dgglwlrqdo yduldeoh+v, GI OP0vwdwlvwlf R0ydoxh
+:, a ’ e o|3D 4 :176
W 31339
o|3Do|3H 7 781<<
W 31333
+:, a ’ H o|3b 4 :1<4
W 31338
o|3bo|32 7 451;<
W 31345
+:, a ’ 2 o|3 4 41:: 314;6
o|3c o|3e 5 5187 315;3
r|+,e _66er }}D 8 8:194
W 31333
@}e2|3 4 515; 31464s
@}e|3 4 6187 31393
+<, a ’ 2 o|3 4 4165 31584
o|3c o|3e 5 5134 31699
@}e2|3 4 5197 31437s
@}e|3 4 6164 3139<
Sdqho E= Khwhurvnhgdvwlflw| Whvw
Vshflfdwlrq Yduldeoh+v, GI OP0vwdwlvwlf R0ydoxh
+:, a ’ 2 o|3o|32 6 3146 31<;;
o|3o|32 c @}e|3 7 3154 31<<8
+<, a ’ 2 o|3o|32 c @}e|3 7 3146 31<<;
o|3o|32 c @}e|3c }}D < 3176 31<<<
Sdqho F= Qrupdolw| Whvw
Vshflfdwlrq GI OP0vwdwlvwlf R0ydoxh
+:, a ’ 2 5 7149 31458
+<, a ’ 2 5 51;5 31577
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Iljxuh 4= Qrq0Vxuylydo Suredelolwlhv1 Wkh jxuh vkrzv wkh suredelolw| ri
glvdsshdudqfh iru glhuhqw |hduv vlqfh ixqg lqfhswlrq +Djh,1 Wkh uhwxuq iru hdfk
ri wkh odvw irxu txduwhuv/ l1h1 o|3111o|3e/ ydulhv ehwzhhq 08( wr .8(/ zkloh wkh
uhwxuqv ryhu wkh txduwhuv o|3D111 o|32 lv {hg dw 6( shu txduwhu1
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zh frxog kdyh {hg wkh wlph hhfw wr lwv dyhudjh ryhu wkh txduwhuv1
Lw dsshduv wkdw/ iru lqvwdqfh/ d 60|hdu rog ixqg zlwk d uhwxuq ri 08( iru
hdfk ri wkh odvw irxu txduwhuv kdv d suredelolw| ri doprvw 7( wr glvdsshdu lq
wkh qh{w txduwhu/ zkloh d 490|hdu rog ixqg zlwk d frpsdudeoh uhwxuq uhfrug
rqo| kdv d suredelolw| ri doprvw 5( wr glvdsshdu1 Rq wkh rwkhu kdqg/ wkh
suredelolw| ri dwwulwlrq gursv ehorz 4( li d ixqg ri djh vl{whhq kdg d uhwxuq
ri .8( iru wkh odvw irxu txduwhuv1
Wkh vljqv zh qg iru wkh hvwlpdwhg frh!flhqwv lq wkh surelw vshflfdwlrqv
duh lq dffrugdqfh zlwk wkh uhvxowv ri Eurzq dqg Jrhw}pdqq ^4<<8‘1 Rxu vshf0
lfdwlrq fdq eh lqwhusuhwhg dv d uhgxfhg irup vshflfdwlrq ri wkhlu prgho/
wkdw dovr lqfoxghv wkh vl}h ri wkh ixqg dqg wkh h{shqvh udwlr dv h{sodqdwru|
yduldeohv1 Zkloh zh gr qrw revhuyh wkh vl}h ri d ixqg gxulqj wkh hqwluh vdpsoh
shulrg/ lw kdv ehhq zhoo grfxphqwhg +vhh/ h1j1/ Urfnlqjhu ^4<<8‘ dqg Vluul dqg
Wxidqr ^4<<;‘, wkdw +uhodwlyh, klvwrulfdo uhwxuqv duh nh| ghwhuplqdqwv ri fdsl0
wdo  rzv wr pxwxdo ixqgv1 Lq frqwudvw wr rxu uhgxfhg irup prgho/ Eurzq dqg
Jrhw}pdqq ^4<<8‘ glg qrw lqfoxgh wlph hhfwv qru whvw iru wkhlu suhvhqfh1 Lw
lv lpsruwdqw wr doorz iru {hg wlph hhfwv wr lqfrusrudwh frpprq djjuhjdwh
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vkrfnv wkdw dhfw wkh vxuylydo ri doo ixqgv/ vxfk dv edg uhwxuqv rq wkh vwrfn
pdunhw dv d zkroh1 Rplwwlqj wkh wlph hhfwv/ zklfk pd| eh fruuhodwhg zlwk
wkh uhjuhvvruv/ |lhogv lqfrqvlvwhqw sdudphwhu hvwlpdwhv +Edowdjl ^4<<8/ s1 4:;
1‘, dqg lqdssursuldwh eldv fruuhfwlrqv1 Wkh prgho zlwk {hg wlph hhfwv
+ru dq| rwkhu ixqg0lqyduldqw yduldeohv, fdq rqo| eh hvwlpdwhg frqvlvwhqwo| iru
wkh qxpehu ri ixqgv whqglqj wr lqqlw|1 Zh vkdoo wkhuhiruh dvvxph wkdw wkh
furvv0vhfwlrq ri ixqgv lv vx!flhqwo| odujh +frpsduh irrwqrwh 43,1
Lq rughu wr h{dplqh zkhwkhu pxwxdo ixqgv zlwk glhuhqw lqyhvwphqw re0
mhfwlyhv kdyh glhuhqw suredelolwlhv ri ohdylqj wkh vdpsoh/ zh whvwhg zkhwkhu
wkh lqfoxvlrq ri lqyhvwphqw remhfwlyh gxpplhv vljqlfdqwo| lpsuryhv wkh
prgho1 Jlyhq wkdw wklv whvw vwurqjo| uhmhfwv +vhh Wdeoh 7,/ zh h{whqghg wkh
vxuylydo prgho lq +:, wr lqfoxgh gxpplhv iru hdfk lqyhvwphqw remhfwlyh1 Wklv
ohdgv wr=
+W| ’ kn
a[
'
Eo|3  w n @}ec|3 n +<,
B} n B2}2 n B} n Be}e n BD}D n b| n #|
+| ’  li ixqg  lv revhuyhg lq txduwhu | ++
W
| : f
+| ’ f rwkhuzlvh
zkhuh } wkurxjk }D ghqrwh wkh lqyhvwphqw remhfwlyh gxpplhv/ fruuhvsrqg0
lqj wr wkh fodvvlfdwlrq lq Wdeoh 61 Dv ehiruh/ zh dvvxph wkdw wkh vwuxfwxuh
iru wkh odjjhg txduwhuo| uhwxuq frh!flhqwv  fdq eh ghvfulehg e| +;,1 Wd0
eoh 9 uhsruwv wkh hvwlpdwhv iru vshflfdwlrq +<, zlwk wzhoyh odjjhg txduwhuo|
uhwxuqv lqfoxghg +a ’ 2c zkloh wkh frh!flhqw hvwlpdwhv iru wkh wlph gxp0
plhv fdq eh irxqg lq Wdeoh < +Dsshqgl{ E,1 Lq Wdeoh 7/ zh dovr uhsruw wkh
rxwfrphv iru wkh whvwv ri wkh krprvnhgdvwlflw| dqg qrupdolw| dvvxpswlrq lq
vshflfdwlrq +<,1
Iurp Wdeoh 9/ lw dsshduv wkdw X1V1 edvhg lqwhuqdwlrqdoo| lqyhvwlqj pxwxdo
ixqgv/ l1h1 lqyhvwphqw remhfwlyh *iruhljq*/ kdyh/ fhwhulv sdulexv/ wkh kljkhvw
suredelolw| wr vxuylyh1 Pruhryhu/ wkh srvlwlyh frh!flhqwv iru wkh lqyhvwphqw
gxpplhv lq wkh pdmrulw| ri fdvhv lqglfdwhv wkdw wkh pxwxdo ixqgv zlwk lqyhvw0
phqw remhfwlyh *djjuhvvlyh jurzwk* dqg lqyhvwphqw remhfwlyh vxppdul}hg e|
wkh fdwhjru| *rwkhu* kdyh wkh kljkhvw suredelolw| wr glvdsshdu1 Wkh hvwlpdwhg
frh!flhqwv iru wkh odjjhg uhwxuqv/ dqg djh duh vlplodu wr wkrvh iru vshflfd0
wlrq +:,1 Zkloh vshflfdwlrq +<, ghvfulehv vxuylydo suredelolwlhv frqglwlrqdo
rq d odujhu lqirupdwlrq vhw wkdw lqfoxghv lqyhvwphqw remhfwlyh/ wkh vljql0
fdqfh ri wkh lqyhvwphqw gxpplhv vxjjhvwv wkdw lw fdq eh h{shfwhg wkdw wkh
4:
Wdeoh 9= Hvwlpdwlrq uhvxowv Lqyhvwphqw Fdwhjrulhv gxpplhv1 Wkh wdeoh
suhvhqwv hvwlpdwlrq uhvxowv iru surelw vshflfdwlrq +<, zlwk wzhoyh +M @ 45, odjjhg
txduwhuo| uhwxuqv/ d gxpp| iru wkh lqyhvwphqw remhfwlyh/ d frqvwdqw ixqg uhwxuq
/ djh ri wkh ixqg +lq |hduv, dqg 57 wlph gxpplhv dv h{sodqdwru| yduldeohv1 Zh
gr qrw uhsruw wkh hvwlpdwhv iru wkh sro|qrpldo frh!flhqwv/ exw rqo| uhsruw wkh
lpsolhg hvwlpdwhv iru wkh odjjhg txduwhuo| uhwxuqv xqghu wkh frqglwlrq wkdw d ixqg
kdv pruh wkdq 45 txduwhuo| uhwxuqv dydlodeoh1 Wkh wrwdo qxpehu ri revhuydwlrqv lv
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huuru whup #| lq +:, h{klelwv ixqg0vshflf vhuldo fruuhodwlrq1 Zh zloo wkhuhiruh
xvh vshflfdwlrq +<, lq wkh hpslulfdo dqdo|vlv1 Iru wkh Prqwh Fduor h{shul0
phqwv lq Vhfwlrqv : dqg ;/ zkhuh zh gr qrw glvwlqjxlvk glhuhqw lqyhvwphqw
vw|ohv/ zh xvh vshflfdwlrq +:,1
8 Wkh Hhfwv ri Vxuylyruvkls rq Shuirupdqfh
Phdvxuhv
Lq Vhfwlrq 5 zh h{dplqhg lq d vw|ol}hg h{dpsoh wkh hhfw ri qrq0udqgrp
dwwulwlrq rq d vlpsoh shuirupdqfh phdvxuh olnh wkh dyhudjh ixqg uhwxuq xvlqj
d vxuylyruvkls iuhh vdpsoh dv zhoo dv d vdpsoh sodjxhg e| vxuylyruvkls1 Ohw
xv qrz orrn dw d pruh uhdolvwlf h{dpsoh/ zkhuh lqwhuhvw olhv lq wkh hvwlpdwlrq
ri ixqg doskdv dqg wkhlu shuvlvwhqfh1 Wr gr vr/ zh shuirup d Prqwh Fduor
vlpxodwlrq h{shulphqw1 Iroorzlqj wkh vhw0xs ri Eurzq/ Jrhw}pdqq/ Leerwvrq
dqg Urvv ^4<<5‘/ zh jhqhudwh txduwhuo| uhwxuqv iurp wkh iroorzlqj rqh idfwru
prgho
o| ’ os| n qE-6|  os| n | +43,
zkhuh os| lv wkh vkruw whup lqwhuhvw udwh dqg -6| os| lv wkh txduwhuo| h{fhvv
uhwxuq rq wkh pdunhw sruwirolr1 Wkh lglrv|qfudwlf huuru whup | lv lqghshq0
ghqw ri wkh txduwhuo| ulvn suhplxp dqg lv dvvxphg wr eh qrupdo zlwk phdq
}hur dqg yduldqfh j2 c jlyhq e|
j2 ’ &E q2 +44,
Wklv uhodwlrqvkls lv d urxjk dssur{lpdwlrq wr wkh uhodwlrqvkls ehwzhhq qrq0
v|vwhpdwlf ulvn dqg q wkdw lv riwhq revhuyhg lq pxwxdo ixqgv gdwd1 Zh
hpsor| d vhw ri sdudphwhu ydoxhv lq wkh uhwxuq jhqhudwlqj surfhvv wkdw forvho|
pdwfkhv wkh uvw wzr vdpsoh prphqwv ri uhwxuqv dqg ehwd1 Wkh txduwhuo|
h{fhvv uhwxuq rq d pdunhw sruwirolr lv l1l1g1 qrupdo zlwk phdq 313548 dqg
vwdqgdug ghyldwlrq 31437/ q lv l1l1g1 qrupdo zlwk phdq 31<6 dqg vwdqgdug
ghyldwlrq 316: dqg wkh ydoxh ri & htxdov8 3134<<:1 Pruhryhu/ zh dvvxph wkdw
8Wkh ydoxh ri n wkdw zh hpsor| lv edvhg rq wkh vdpsoh dyhudjh ri a5l @+4
al,
5=
4<
wkh vkruw whup lqwhuhvw udwh fdq eh ghvfulehg e| dq DU+4, prgho jlyhq e|9 :
os| ’ >n 4Eos|3  > n "|c "| _ Efc j2" +45,
Wkh vlpxodwlrq h{shulphqw surfhhgv dv iroorzv1 Zh vwduw zlwk d *udqgrp*
qxpehu ri ixqgv vxfk wkdw dq dyhudjh 5( lqfuhdvh shu txduwhu ohdgv wr 5833
pxwxdo ixqgv lq wkh qdo txduwhu1 Wklv ohdgv wr d vdpsoh zkhuh wkh qxpehu
ri ixqgv lqfuhdvhv hdfk txduwhu/ zkloh qrqh ri wkh ixqgv gursv rxw1 Qh{w/
zh dsso| wkh vxuylydo prgho ri wkh suhylrxv vhfwlrq/ l1h1 htxdwlrq +:, zlwk
wzhoyh odjjhg uhwxuqv +a ’ 2c wr ghwhuplqh iru hdfk ixqg lq hdfk shulrg
wkh suredelolw| wkdw lw ohdyhv wkh vdpsoh1 Wklv phdqv wkdw iurp wkh uhfrug
ri klvwrulfdo uhwxuqv/ wkh djh ri wkh ixqg dqg dq djjuhjdwh wlph hhfw/ d
suredelolw| 	R| ri ohdylqj wkh vdpsoh lq wkh qh{w txduwhu lv ghwhuplqhg1 Wkhq
ixqg  ohdyhv wkh vdpsoh lq shulrg | zlwk d suredelolw| 	R| Qrwh wkdw wklv
dvvxphv wkdw #| lv lqghshqghqw ri fxuuhqw uhwxuqv/ wkdw lv/ wkh suredelolw|
ri vxuylydo rqo| ghshqgv xsrq djh dqg klvwrulfdo uhwxuqv/ dqg  frqglwlrqdo
xsrq wkrvh  qrw xsrq fxuuhqw uhwxuqv1 Vlqfh wkh djh ri wkh ixqg/ ghqhg dv
wkh |hduv vlqfh ixqg lqfhswlrq/ lv d vljqlfdqw idfwru lq ixqg glvdsshdudqfh/
zh ghflghg wr gudz d udqgrp djh iru wkh ixqgv wkdw douhdg| h{lvw lq wkh
uvw txduwhu/ forvho| fruuhvsrqglqj wr wkh revhuyhg djh glvwulexwlrq lq rxu
vdpsoh ri pxwxdo ixqgv/ l1h1 @}e  @KrEEfc S Wkh vxuylyruvkls surfhvv
xvhg lq rxu vlpxodwlrqv lv wkxv pruh frpsolfdwhg exw dovr pruh uhdolvwlf
wkdq wkh uxohv dssolhg e| Eurzq/ Jrhw}pdqq/ Leerwvrq dqg Urvv ^4<<5‘ dqg
Khqgulfnv/ Sdwho dqg ]hfnkdxvhu ^4<<:‘/ zkr vlpso| uhpryh/ iru lqvwdqfh/
wkh zruvw shuiruplqj 43( ri wkh pxwxdo ixqgv lq hdfk shulrg1
Qrwh wkdw wkh hvwlpdwhg wlph hhfwv lq surelw vshflfdwlrq +:, uh hfw
djjuhjdwh vkrfnv1 Zh wdnh wkh srwhqwldo ghshqghqfh ehwzhhq wkh wlph hhfwv
dqg revhuyhg djjuhjdwh yduldeohv lq wkh prgho lqwr dffrxqw e| uxqqlqj d
qxpehu ri uhjuhvvlrqv rq yduldeohv vxfk dv wkh uhwxuq rq wkh V)S833 dqg wkh
uhwxuq rq d wkuhh0prqwk Wuhdvxu| Eloo ryhu wkh shulrg 4<;<04<<71 Wdeoh 44
lq Dsshqgl{ E suhvhqwv wkh hvwlpdwlrq uhvxowv iru d qxpehu ri vshflfdwlrqv1
Lw dsshduv wkdw wkh wlph hhfw lv vljqlfdqwo| fruuhodwhg zlwk wkh ulvn0iuhh
uhwxuq rq Wuhdvxu| eloov1 Dffruglqjo|/ wkh udqgrp hhfw wkdw lv xvhg lq wkh
vlpxodwlrqv lv gudzq iurp d qrupdo glvwulexwlrq zlwk phdq >b| ’ 22b n
9Dq ROV hvwlpdwlrq ri wkh vkruw udwh DU+4, surfhvv ryhu wkh shulrg 4<:904<<7 |lhogv
uiw @ 3=473 .3=<55  uiw4 . w> zlwk a @ 3=336=
:Lq wkh vlpxodwlrqv/ wkh dyhudjh W0eloo uhwxuq ryhu 4<:90<7 ri 3134; lv xvhg wr vwduw wkh
surfhvv1 Pruhryhu/ li d ulvn iuhh udwh vpdoohu wkdq }hur kdsshqv wr eh jhqhudwhg/ zh vhw lw
htxdo wr }hur1
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Wdeoh := Vlpxodwhg dyhudjh txduwhuo| uhwxuqv dqg ehwdvWkh wdeoh suhvhqwv
dyhudjh txduwhuo| uhwxuqv dqg ehwdv iru 833 vlpxodwhg vdpsohv ri vxuylylqj ixqgv/
qrq0vxuylylqj pxwxdo ixqgv/ wkh frpelqhg vdpsoh dv zhoo dv wkh vdpsoh zlwkrxw
dwwulwlrq1 Vwdqgdug huuruv lq sduhqwkhvhv1 Dyhudjhv duh frpsxwhg ryhu 69 txduwhuo|
phdq uhwxuqv1
Dyhudjh uhwxuq Dyhudjh q
Zlwkrxw 61:5 +3135, 31<6
Vxuylyruv 61;3 +3135, 31<6
Frpelqhg 619; +3135, 31<5
Qrq0Vxuylyruv 5175 +3134, 31<3
f2  os| dqg yduldqfh htxdo wr jb ’ ff.b Qrwh wkdw d kljk ulvn0iuhh udwh
ohdgv wr/ rq dyhudjh/ kljkhu wlph hhfwv/ exw wkh hhfw rq wkh vxuylydo udwh
pljkw eh edodqfhg e| kljkhu +qrplqdo, uhwxuqv1 Wkh qxpehuv suhvhqwhg
ehorz uhihu wr dyhudjhv ru vwdqgdug ghyldwlrqv ryhu 833 uhsolfdwlrqv1 Lq rughu
wr suhyhqw vhqvlwlylw| wr wkh vwduwlqj frqglwlrqv/ zh gr qrw xvh wkh uvw 57
txduwhuo| uhwxuqv/ l1h1 ixqg uhwxuqv duh jhqhudwhg iurp txduwhu 4 rqzdugv/
zkloh wkh vxuylydo surfhvv vwduwv rshudwlqj iurp txduwhu 46 dqg ixuwkhu1
Zh qrz frqvwuxfw irxu glhuhqw vdpsohv1 Wkh uvw vdpsoh lv wkh rqh
zlwkrxw dwwulwlrq dqg frqwdlqv doo ixqgv xs wr wkh odvw shulrg1 Zh zloo uhihu
wr wklv k|srwkhwlfdo frpsohwh vdpsoh dv zlwkrxw dqg zh zloo rqo| xvh lw lq d
ihz fdvhv1 Wkh vhfrqg vdpsoh vxhuv iurp vxuylyruvkls/ dv jhqhudwhg e| rxu
prgho/ dqg frqwdlqv rqo| wkrvh ixqgv wkdw kdsshqhg wr vxuylyh xqwlo wkh hqg
ri wkh odvw txduwhu1 Zh uhihu wr wklv vdpsoh dv vxuylyruv1 D wklug vdpsoh
frqvlvwv ri wkh vxuylyruv vdpsoh frpsohwhg zlwk revhuydwlrqv rq wkrvh ixqgv
wkdw ohiw wkh vdpsoh ehiruh wkh odvw txduwhu1 Zh uhihu wr wklv vdpsoh dv frp0
elqhg1 Prvw uhfhqw hpslulfdo vwxglhv +h1j1 Eurzq dqg Jrhw}pdqq ^4<<8‘/
Fdukduw ^4<<:d‘/ Zhuphuv ^4<<:‘, hpsor| vxfk vxuylyruvkls iuhh vdpsohv1 D
irxuwk dqg odvw vdpsoh qdphg qrq0vxuylyruv lv xvhg iru frpsdulvrqv rqo|
dqg frqwdlqv rqo| wkh qrq0vxuylylqj ixqgv1
Iluvw/ Wdeoh : suhvhqwv dyhudjh txduwhuo| uhwxuqv ryhu 69 txduwhuv lq wkh
glhuhqw vdpsohv1 Dv h{shfwhg/ wkh phdq uhwxuq ri wkh vxuylylqj ixqgv vxe0
vwdqwldoo| h{fhhgv +l1h1 317;( rq dq dqqxdo edvlv, wkh phdq uhwxuq iru wkh
frpelqhg ru *vxuylyruvkls eldv iuhh* vdpsoh/ dw ohdvw li wkh sdudphwhu ydoxhv
lq wkh vlpxodwlrq kdyh ehhq fkrvhq wr pdwfk wkh vdpsoh phdqv1 Ixuwkhu0
pruh/ lw dsshduv wkdw wkh qrq0vxuylylqj ixqgv kdyh/ rq dyhudjh/ d orzhu q
wkdq wkh vxuylylqj pxwxdo ixqgv1
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Dqrwkhu lpsruwdqw wrslf lq shuirupdqfh dqdo|vlv ri pxwxdo ixqgv lv wkh
shuvlvwhqfh lq uhwxuqv1 Hpslulfdo vwxglhv e| Eurzq dqg Jrhw}pdqq ^4<<8‘/
Pdonlho ^4<<8‘ dqg Fdukduw ^4<<:d‘ h{dplqh zkhwkhu czlqqlqj* pxwxdo ixqgv/
zkhuh zlqqlqj lv ghqhg dv h{fhhglqj wkh phgldq ixqg uhwxuq lq d jlyhq
shulrg/ duh pruh olnho| wr eh zlqqhuv lq wkh qh{w shulrg1 Vwxglhv ri Eurzq/
Jrhw}pdqq/ Leerwvrq dqg Urvv ^4<<5‘ dqg Khqgulfnv/ Sdwho dqg ]hfnkdxvhu
^4<<:‘ vkrz wkdw vxuylyruvkls eldv lqgxfhv vsxulrxv shuvlvwhqfh sdwwhuqv li
wkhuh lv furvv0vhfwlrqdo yduldwlrq lq h{shfwhg uhwxuqv ru ulvn1 Lqvwhdg ri k|0
srwkhvl}lqj d fhuwdlq vxuylydo surfhvv/ zh xvh wkh hpslulfdo vxuylydo prgho
wkdw pdwfkhv wkh vdpsoh ri X1V1 htxlw| ixqgv/ wr uhgr wkh fdofxodwlrqv ri
Khqgulfnv/ Sdwho dqg ]hfnkdxvhu ^4<<:‘/ zkr irxqg d vsxulrxv a0vkdsh sdw0
whuq lq shuirupdqfh shuvlvwhqfh1 Dv zh jhqhudwhg ixqg uhwxuqv vxfk wkdw dq|
deqrupdo uhwxuq lv wkh uhvxow ri +xqsuhglfwdeoh, oxfn/ dq| uhjxodulw| irxqg lq
shuirupdqfh phdvxuhv lv qhfhvvdulo| vsxulrxv dqg gxh wr vxuylyruvkls eldv1
Wkh shuirupdqfh ri wkh ixqgv lv hydoxdwhg e| hvwlpdwlqj Mhqvhq*v k iurp
wkh rqh0idfwru prgho lq +49,/ ryhu irxu wkuhh0|hdu shulrgv1 Zh vruw wkh ixqgv
rq wkh edvlv ri wkh hvwlpdwhg k*v lq hdfk wkuhh0|hdu shulrg lqwr hljkw jurxsv1
Iru hdfk rfwloh jurxs/ zh fdofxodwh wkh dyhudjh Mhqvhq*v k lq wkh vxevhtxhqw
wkuhh0|hdu shulrg1 Wdeoh ; suhvhqwv wkh dyhudjh k iru hdfk jurxs iru wkh
vdpsoh wkdw rqo| frqwdlqv wkh vxuylylqj pxwxdo ixqgv/ wkh vdpsoh wkdw dovr
frqwdlqv wkh ixqgv wkdw fhdvhg wr h{lvw ehiruh wkh qdo txduwhu/ dqg wkh
k|srwkhwlfdoo| frpsohwh vdpsoh/ qrw dhfwhg e| dwwulwlrq1
Lw dsshduv wkdw wkh vdpsoh ri vxuylylqj pxwxdo ixqgv h{klelwv d vwurqj
sdwwhuq ri vsxulrxv shuvlvwhqfh lq shuirupdqfh1 Ixuwkhupruh/ wklv lv dovr wkh
fdvh iru wkh frpelqhg vdpsoh/ wkdw lqfoxghv ixqgv wkdw glg qrw vxuylyh xqwlo
wkh qdo txduwhu/ dowkrxjk wkh sdwwhuq lv vrphzkdw zhdnhu1 Fohduo|/ wkh idfw
wkdw wkh gdwd lv vxuylyruvkls iuhh grhv qrw lpso| wkdw d vwdqgdug dqdo|vlv
lv iuhh ri vxuylyruvkls eldv1 Dowkrxjk wkh vsxulrxv shuvlvwhqfh sdwwhuq lv
qrw h{dfwo| a0vkdshg/ wkh vlpxodwlrq uhvxowv pruh ru ohvv frqup wkh eldv
irxqg e| Khqgulfnv/ Sdwho dqg ]hfnkdxvhu ^4<<:‘1 Wkh dujxphqw iru vxfk
d sdwwhuq lv d ulvn dujxphqw1 Ixqgv lq rqh ri wkh h{wuhph udqnv duh pruh
olnho| wr eh ckljk ulvn* ixqgv dqg wkxv ohvv olnho| wr vxuylyh1 Frqglwlrqdo rq
wkh idfw wkdw wkh| glg vxuylyh lq wkh vhfrqg vxeshulrg/ wkh| zloo kdyh pdgh
ehwwhu uhwxuqv wkdq dyhudjh1 Frpsduhg wr Khqgulfnv/ Sdwho dqg ]hfnkdxvhu/
zh qg dq dgglwlrqdo xszdug eldv lq Mhqvhq*v k iru wkh orzhu rfwlohv1 Wkh
uhdvrq iru wklv lv wkdw rxu vxuylydo surfhvv lv g|qdplf1 Ixqgv zlwk d orz
udqn uhdol}hg uhodwlyho| edg uhwxuqv lq wkh uvw wzhoyh txduwhuv1 Dv wklv zloo
ghfuhdvh d ixqg*v suredelolw| ryhu wkh qh{w wzhoyh txduwhuv wr vxuylyh/ wkhvh
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Wdeoh ;= Vlpxodwhg shuirupdqfh shuvlvwhqfh1 Wkh wdeoh suhvhqwv wkh vxevh0
txhqw shulrg shuirupdqfhv iru vlpxodwhg vdpsohv ri vxuylylqj ixqgv/ iru vdpsohv
wkdw dovr frqwdlq wkh qrq0vxuylylqj ixqgv xqwlo wkh txduwhu ri glvdsshdudqfh dqg
iru vdpsohv wkdw duh qrw hhfwhg e| vxuylyruvkls1 Vwdqgdug huuruv lq sduhqwkhvhv1
Lqlwldo Shulrg Shuirupdqfh Vxevhtxhqw Shulrg
Udqn Vxuylyruv Frpelqhg Zlwkrxw
4 31495 +3133:, 3144: +31339, 31337 +31338,
5 31397 +31338, 31378 +31337, 031334 +31337,
6 31368 +31336, 31357 +31336, 31334 +31336,
7 3134; +31335, 31347 +31335, 31334 +31335,
8 31357 +31336, 3134: +31336, 031335 +31335,
9 31378 +31337, 31364 +31337, 031335 +31336,
: 31397 +31338, 31375 +31338, 031334 +31337,
; 31476 +3133;, 313<8 +3133;, 031333 +31339,
ixqgv pxvw kdyh pdgh xs iru wkhvh edg uhwxuqv jlyhq wkdw wkh| kdyh vxuylyhg1
Dssduhqwo|/ zlwk rxu sdudphwhu ydoxhv wklv hhfw lv odujh hqrxjk wr fkdqjh
wkh a0vkdsh lqwr d +pruh ru ohvv, L0vkdsh1 Dv h{shfwhg/ wkh vdpsoh wkdw lv
qrw dhfwhg e| vxuylyruvkls grhv qrw h{klelw d vsxulrxv shuvlvwhqfh sdwwhuq1
9 Fruuhfwlqj iru Vxuylyruvkls Hhfwv
Nqrzohgjh ri wkh vxuylydo surfhvv lv d nh| wr fruuhfwlqj iru wkh vxuylyruvkls
hhfwv dv glvfxvvhg lq wkh suhylrxv vhfwlrqv1 Lq Vhfwlrq 7 vxuylydo ri d ixqg
zdv prghoohg dv d ixqfwlrq ri klvwrulfdo uhwxuqv/ djh dqg dq djjuhjdwh wlph
hhfw1 Zh zloo vkrz/ lq wklv vhfwlrq/ krz lqihuhqfhv fdq eh fruuhfwhg iru
vxuylyruvkls hhfwv li lw fdq eh dvvxphg wkdw ixqg vxuylydo lq shulrg | lv
lqghshqghqw ri wkh uhwxuq lq shulrg |c diwhu frqglwlrqlqj xsrq odjjhg uhwxuqv/
ixqg djh dqg wlph;1 Whfkqlfdoo|/ wklv lpsrvhv wkdw #| lq +4, lv lqghshqghqw ri
o|c dv zdv dvvxphg lq wkh suhylrxv vhfwlrq1 Wkh fruuhfwlrqv/ edvhg xsrq zrun
ri Pr!ww/ Ilw}jhudog dqg Jrwwvfkdon ^4<<:‘/ duh uhodwlyho| vlpsoh wr dsso|
dqg lqyroyh wkh xvh ri zhljkwv dv vkrzq lq Vhfwlrq 51 Dv wkhvh zhljkwv ghshqg
xsrq ixqg uhwxuqv/ wkh| duh hqgrjhqrxv dqg wkhlu xvh kdv lpsolfdwlrqv iru
;Hfrqrphwulf dssurdfkhv ri vdpsoh vhohfwlrq dqg dwwulwlrq sureohpv edvhg xsrq wkh
zrun ri Khfnpdq ^4<:<` dqg Kdxvpdq dqg Zlvh ^4<:<`/ dvvxph wkdw wkh prgho ri lqwhuhvw
lv frqglwlrqdo xsrq wkh vdph vhw ri yduldeohv/ zklfk lv lqdssursuldwh lq wklv fdvh1
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frqvlvwhqf| ri wkh hvwlpdwruv xvhg1
Lq jhqhudo/ ohw - ghqrwh d yhfwru ri uhwxuqv iru ixqg  wkdw lv xvhg lq
dq hpslulfdo dqdo|vlv/ iru h{dpsoh lq frqvwuxfwlqj d frqwlqjhqf| wdeoh1 Ohw
t ’  li ixqg  lv xvhg lq wkh dqdo|vlv dqg 3 rwkhuzlvh1 Zkloh t lv ghwhu0
plqhg e| wkh uhvhdufkhu/ zh vkdoo dvvxph wkdw lw lv d ixqfwlrq ri +|*v rqo|1
Wkh glvwulexwlrq ri uhwxuqv iru wkh ixqgv xvhg lq wkh dqdo|vlv/ frqglwlrqdo
rq vrph revhuyhg fkdudfwhulvwlfv fc lv ghvfulehg e| sE-mfc t ’ c zkhuh
s lv jhqhulf qrwdwlrq iru d ghqvlw|2suredelolw| pdvv ixqfwlrq1 Ehfdxvh t
lv qrw lqghshqghqw ri wkh uhwxuqv/ wklv glvwulexwlrq glhuv iurp wkh rqh xq0
frqglwlrqdo xsrq vxuylydo sE-mfc zklfk lv zkdw zh duh lqwhuhvwhg lq1 Wkh
vhw ri yduldeohv lq f lv fkrvhq e| wkh uhvhdufkhu dqg frxog eh hpsw|/ exw
frxog dovr uh hfw d ixqg*v lqyhvwphqw vw|oh/ lwv uhwxuq klvwru|/ ru lwv uhodwlyh
klvwrulfdo shuirupdqfh1 Ohw ~ ghqrwh revhuydeoh ixqg fkdudfwhulvwlfv wkdw
dhfw wkh suredelolw| ri vxuylydo1 Wkhq lw iroorzv/ xvlqj vwdqgdug frqglwlrq0
lqj dujxphqwv +vhh Pr!ww hw do1 ^4<<:‘ ru Ilw}jhudog hw do1 ^4<<;‘,/ wkdw zh
fdq zulwh
sE-c ~mf ’ sE-c ~mfc t ’ c +46,
zkhuh  lv d zhljkw idfwru jlyhq e|
 ’
it ’ mfj
it ’ m-cfc ~j  +47,
Wklv zhljkw htxdov wkh lqyhuvh ri wkh qrupdol}hg suredelolw| wkdw ixqg  lv
nhsw lq wkh vdpsoh iru ixqgv ri w|sh f1 Wkh ohiw kdqg vlgh ri +4<, surylghv
wkh +xq,frqglwlrqdo glvwulexwlrq ri uhwxuqv zh duh lqwhuhvwhg lq1 Wkh uljkw
kdqg vlgh lv wkh frqglwlrqdo revhuydeoh glvwulexwlrq ri uhwxuqv wlphv d zhljkw
idfwru1 Li wkh zhljkwv  duh nqrzq/ dq| lqihuhqfh edvhg xsrq wkh revhuyhg
glvwulexwlrq ri uhwxuqv fdq gluhfwo| eh dgmxvwhg wr uh hfw wkh xqfrqglwlrqdo
glvwulexwlrq1 Iru h{dpsoh/ wkh h{shfwhg uhwxuqv ri ixqg  vdwlvi|
.do|o ’]
-sE-c ~_-_~ ’
]
-sE-c ~mt ’ _-_~ +48,
’ .do|mt ’ oc
zklfk lpsolhv wkdw wkh dyhudjh ri o| udwkhu wkdq wkh dyhudjh ri o| surylghv
dq xqeldvhg hvwlpdwh ri wkh ixqg*v phdq uhwxuq li o| lv revhuyhg li t ’ 
rqo|1 Vlploduo|/ d ixqg*v doskd fdq eh hvwlpdwhg dv
k ’ 	kc +49,
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zkhuh 	k lv wkh xvxdo +xqfruuhfwhg, ruglqdu| ohdvw vtxduhv hvwlpdwh1
Jrlqj edfn wr rxu vdpsoh ri X1V1 htxlw| ixqgv/ vxssrvh zh duh lqwhuhvwhg
lq shuirupdqfh dv phdvxuhg e| doskd ryhu d shulrg ri 45 txduwhuv1 Wklv
lpsolhv wkdw zh fdq rqo| xvh ixqgv lq wkh dqdo|vlv wkdw kdyh revhuyhg uhwxuqv
iru 45 frqvhfxwlyh shulrgv r wr rn c dqg zh kdyh wkdw t ’
Trn
|'r +r Wkh
suredelolw| wkdw t ’  jlyhq wkh ixqg*v uhwxuqv - dqg fkdudfwhulvwlfv ~c f
lv wkhq ghvfulehg e| rxu vxuylydo prgho/ surylghg wkdw f lv lqfoxghg lq wkh
prgho +ru fdq eh dvvxphg wr kdyh d }hur frh!flhqw,/ dqg surylghg wkdw zh
dvvxph wkdw/ frqglwlrqdo xsrq klvwrulfdo uhwxuqv/ ~ dqgfc wkh suredelolw| ri
dwwulwlrq lq dq| jlyhq shulrg grhv qrw ghshqg xsrq +srwhqwldoo| xqrevhuyhg,
uhwxuqv lq wkdw ru ixwxuh shulrgv1 Lq wkdw fdvh/ zh fdq zulwh<
it ’ m-c ~c f ’
rn\
|'r
i+| ’ moc|3c c @}ec f +4:,
Li f ghqrwhv lqyhvwphqw vw|oh/ wkh odwwhu suredelolwlhv duh gluhfwo| rewdlqhg
iurp wkh vxuylydo prgho lq +<,1 Lif lv hpsw|/ rqh vkrxog hpsor| wkh vxuylydo
prgho wkdw grhv qrw lqfoxgh lqyhvwphqw vw|oh/ dv zdv grqh lq wkh vlpxodwlrq
h{huflvh1 Li f lqfoxghv erwk lqyhvwphqw vw|oh dqg klvwrulfdo shuirupdqfh/
vshflfdwlrq +<, fdq eh xvhg dvvxplqj wkdw vxuylydo ghshqgv xsrq klvwrulfdo
shuirupdqfh rqo| wkurxjk klvwrulfdo uhwxuqv1 Wkh qxphudwru lq +53, uh hfwv
wkh suredelolw| ri vxuylydo iru d jlyhq f Zkhq f lv hpsw|/ dqg rqh lv
lqwhuhvwhg lq uhwxuqv iru duelwudu| ixqgv/ wklv fdq hdvlo| eh hvwlpdwhg e| wkh
udwlr ri wkh qxpehu ri ixqgv wkdw vxuylyhg iurp shulrg r wr rn dqg qxpehu
ri ixqgv wkdw zdv lq wkh vdpsoh lq shulrg r Li f ghqrwhv lqyhvwphqw vw|oh
ru d ixqg*v lqlwldo shuirupdqfh udqnlqj/ wklv frpsxwdwlrq kdv wr eh grqh iru
hdfk vw|oh ru udqnlqj vhsdudwho|1 Wrjhwkhu/ wklv surylghv hvwlpdwhg zhljkwv
	 wkdw duh frqvlvwhqw iru  $4 Frqvhtxhqwo|/ zh fdq hvwlpdwh wkh doskd
ri dq lqglylgxdo ixqg dv|pswrwlfdoo| xqeldvhgo|43 xvlqj +55, zlwk 	 lqvwhdg
ri 
Wkh dssurdfk deryh lv jhqhudoo| dssolfdeoh dv orqj dv lw lv fohdu zkdw
vhohfwlrq surfhvv d uhvhdufkhu lv frqglwlrqlqj xsrq1 Lq rughu wr hvwlpdwh
xqfrqglwlrqdo h{shfwhg uhwxuqv lq d jlyhq shulrg |/ iru h{dpsoh/ wkh frqgl0
wlrqlqj lv xsrq sduwlflsdwlrq ri hdfk ixqg lq wkdw sduwlfxodu shulrg dqg wkh
<Wklv dvvxphv wkdw wkhuh lv qr dxwrfruuhodwlrq lq lw lq +6,1
43Dv|pswrwlfdoo| xqeldvhg phdqv wkdw wkh h{shfwhg ydoxh ri wkh hvwlpdwru htxdov wkh
wuxh ydoxh li wkh qxpehu ri ixqgv Q jrhv wr lqqlw|1 Wkh dv|pswrwlfv xqghuo| frqvlvwhqw
hvwlpdwlrq ri wkh vxuylydo surfhvv1
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zhljkwv vlpso| uh hfw wkh suredelolw| wkdw +| ’  Dyhudjlqj ryhu shulrgv
wkhq/ grhv qrw uhtxluh dgglwlrqdo fruuhfwlrqv1
Lq rughu wr looxvwudwh wkh xvh ri wkh sursrvhg fruuhfwlrq phwkrg/ zh ds0
solhg lw iru srvvleoh eldvhv lq vlpxodwhg vdpsohv jhqhudwhg lq Vhfwlrq :1 Uhfdoo
wkdw lq wkh shuirupdqfh shuvlvwhqfh dqdo|vlv zh irxqg d vsxulrxv L0vkdsh
sdwwhuq lq wkh ulvn0dgmxvwhg uhwxuqv ri wkh iruphg rfwlohv lq wkh frpelqhg
dv zhoo dv vxuylyruv0rqo| vdpsohv1 Wr fruuhfw frqwlqjhqf| Wdeoh ; iru wkhvh
eldvhv/ zh uvw hvwlpdwh lqlwldo shulrg doskdv dqg wkhlu udqnlqj/ xvlqj ixqgv
wkdw kdyh revhuydwlrqv ryhu 45 frqvhfxwlyh txduwhuv/ dqg fruuhfw wkhvh ROV
hvwlpdwhv xvlqj zhljkwv edvhg xsrq wkhvh 45 shulrgv1 Qh{w/ iru wkh doskdv
hvwlpdwhg ryhu wkh vhfrqg vxeshulrg/ zklfk duh frqglwlrqdo xsrq vxuylydo
ri dqrwkhu 45 txduwhuv/ zh dsso| d zhljkw fruuhfwlrq edvhg xsrq vxuylydo
ryhu wkhvh 45 shulrgv1 Dv lqwhuhvw olhv lq wkh glvwulexwlrq ri doskdv frqgl0
wlrqdo xsrq d ixqg*v lqlwldo udqn/ wkh qxphudwruv lq wkh zhljkwv fruuhvsrqg
wr vxuylydo suredelolwlhv iru d jlyhq rfwloh1
Lq Iljxuh 7 zh suhvhqw wkh dyhudjh fruuhfwhg Mhqvhq*v doskd lq wkh vxe0
vhtxhqw wkuhh0|hdu shulrg iru hdfk rfwloh jurxs/ zkhuh rfwloh rqh uhsuhvhqwv
wkh zruvw shuiruplqj ixqgv ri wkh lqlwldo shulrg1 Iru frpsdulvrq/ wkh jxuh
dovr frqwdlqv wkh xqfruuhfwhg uhvxowv iru wkh vdpsohv ri vxuylylqj ixqgv rqo|
dqg wkh vdpsohv wkdw dovr frqwdlq wkh qrq0vxuylylqj ixqgv xqwlo wkh txduwhu
ri glvdsshdudqfh/ dv jlyhq lq Wdeoh ;1
Lw lv txlwh fohdu wkdw wkh vsxulrxv shuvlvwhqfh sdwwhuq wkdw zdv suhvhqw
lq wkh frpelqhg vdpsoh ri ixqgv kdv glvdsshduhg1 Zkloh qrw uhsruwhg/ wkh
vwdqgdug huuruv vkrz wkdw wkh dyhudjh fruuhfwhg Mhqvhq*v doskdv ri wkh rfwloh
jurxsv duh qrw vljqlfdqwo| glhuhqw iurp }hur dq|pruh1 Ixuwkhupruh/ zkloh
wkh Prqwh Fduor uhvxowv vkrz krz wkh vsxulrxv shuvlvwhqfh sdwwhuq fdq eh
holplqdwhg li wkhuh lv qr jhqxlqh shuvlvwhqfh/ wkh fruuhfwlrq zlwk zhljkwv fdq
dovr eh dssolhg wr rewdlq hvwlpdwhv ri shuirupdqfh shuvlvwhqfh wkdw gr qrw
vxhu iurp eldvhv1
: Hpslulfdo Uhvxowv
D vxevwdqwldo qxpehu ri hpslulfdo sdshuv uhsruw shuvlvwhqfh lq wkh shuiru0
pdqfh ri pxwxdo ixqgv ryhu rqh wr wkuhh |hdu krul}rqv/ vhh/ h1j1/ Khqgulfnv/
Sdwho dqg ]hfnkdxvhu ^4<<6‘/ Juxehu ^4<<9‘/ Fdukduw ^4<<:d‘ ru Zhuphuv
^4<<:‘1 Prvwo|/ wkhvh sdshuv vxjjhvw wkdw wkhlu uhvxowv duh iuhh ri vxuylyru0
vkls eldv dqg qr dwwhpswv duh pdgh wr fruuhfw iru srwhqwldo eldvhv/ dsduw
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Iljxuh 5= Vlpxodwlrq uhvxowv vxuylyruvkls eldv fruuhfwlrq rq doskd1
Wkh jxuh vkrzv wkh vxevhtxhqw shulrg shuirupdqfhv iru vlpxodwhg vdpsohv ri vxu0
ylylqj ixqgv +Xqfruuhfwhg doskd *vxuylyru vdpsoh*,/ iru vdpsohv wkdw dovr frqwdlq
wkh qrq0vxuylylqj ixqgv +Xqfruuhfwhg doskd *vxuylyruvkls iuhh vdpsoh*,/ dqg iru
vdpsohv wkdw frqwdlq wkh qrq0vxuylylqj ixqgv exw zlwk shuirupdqfh fruuhfwlrq iru
orrn0dkhdg eldv +Fruuhfwhg doskd,1
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iurp wkh lqfoxvlrq ri dwwulwhg ixqgv* uhwxuqv lq wkh vdpsoh1 Lq wklv vhfwlrq/
zh dgguhvv wkh txhvwlrq ri vkruw0whup suhglfwdelolw| ri pxwxdo ixqg shuiru0
pdqfh fruuhfwlqj iru vxuylyruvkls eldvhv xvlqj wkh phwkrgrorj| glvfxvvhg lq
wkh suhylrxv vhfwlrq1
Dv rxu vdpsoh ri dwwulwhg ixqgv jrhv edfn wr rqo| Mdqxdu| 4<;< zh fdq
hvwlpdwh vxuylydo suredelolwlhv rqo| ryhu wkh shulrg 4<;<2404<<727/ dqg rxu
vxuylyruvkls eldv iuhh phwkrgrorj| lv olplwhg wr htxlw| ixqgv ryhu wklv sh0
ulrg1 Zkloh wklv vdpsoh shulrg lv uhodwlyho| vkruw/ zh gr qrw ihho wkdw wklv lv
d vhulrxv gudzedfn1 Jlyhq wkh kxjh lqfuhdvh lq wkh qxpehu ri pxwxdo ixqgv/
dqg wkhlu kroglqjv/ ryhu wkh odvw ghfdgh/ lw pd| eh kdug wr dujxh wkdw lqiru0
pdwlrq iurp wkh 4<93v dqg 4<:3v lv uhohydqw iru fxuuhqw lqyhvwphqw ghflvlrqv1
Wkxv/ zh suhihu wr zrun zlwk d vkruw exw uhfhqw wlph shulrg/ zlwk d idluo|
odujh furvv0vhfwlrqdo glphqvlrq/ dv uhtxluhg e| rxu phwkrgrorj| +frpsduh
5:
irrwqrwh 43,1
Frqwudu| wr wkh vlpxodwlrq h{shulphqw/ zkhuh d rqh0idfwru sulflqj prgho
zdv dghtxdwh wr sulfh doo dvvhwv/ zh fdqqrw eh vxuh derxw wkh prgho zlwk
uhvshfw wr zklfk ulvn0dgmxvwhg ru deqrupdo uhwxuqv vkrxog eh ghqhg1 Iluvw/
zh vkdoo dsso| d vlpsoh rqh0idfwru prgho/ jlyhq e|=
oc|n  osc|n ’ k n qEo6|n  osc|n n 0c|nc +4;,
zkhuh oc|n lv wkh uhwxuq rq pxwxdo ixqg  lq shulrg |n c o
6
|n lv wkh uhwxuq
rq wkh pdunhw sruwirolr lq shulrg |n  dqg osc|n lv wkh uhwxuq rq d ulvn iuhh
dvvhw1 Vhfrqg/ zh xvh Fdukduw*v ^4<<:d‘ irxu0idfwru prgho jlyhq e|=
oc|n osc|n ’ k n q6Eo6|n osc|n n qror6K|n n qo6,|n n qRoRo+o|n n 0c|nc
+4<,
zkhuh or6K|n lv wkh glhuhqfh ehwzhhq wkh uhwxuqv rq d sruwirolr ri vpdoo vwrfnv
dqg rqh ri elj vwrfnv/ o6,|n lv wkh glhuhqfh ehwzhhq wkh uhwxuqv rq d sruwirolr
ri kljk errn0wr0pdunhw dqg d sruwirolr ri orz errn0wr0pdunhw vwrfnv dqg
o
Ro+o
|n lv wkh glhuhqfh ehwzhhq wkh uhwxuq rq d sruwirolr ri vwrfnv zlwk wkh
kljkhvw uhwxuq ryhu wkh suhylrxv |hdu dqg d sruwirolr ri vwrfnv zlwk wkh orzhvw
uhwxuq ryhu wkh suhylrxv |hdu441 Zh vkdoo uhihu wr k lq +57, dqg +58, dv wkh
Mhqvhq*v doskd1
Wkh txhvwlrq zh wu| wr dqvzhu lv wr zkdw h{whqw wkh udqnlqj ri d ixqg*v
doskd/ ryhu wkh vxeshulrg 4<;<2404<<427/ lv lqirupdwlyh derxw lwv doskd lq
wkh vhfrqg vxeshulrg 4<<52404<<7271 Zh gr vr e| uvw hvwlpdwlqj Mhqvhq*v
doskdv iurp +57, dqg +58, ryhu wkh lqlwldo wkuhh0|hdu shulrg iru doo ixqgv lq
wkh vdpsoh wkdw vxuylyhg wkhvh wzhoyh txduwhuv1 Wkhvh ohdvw vtxduhv hvwlpdwhv
duh eldvhg ehfdxvh wkh| duh frqglwlrqdo xsrq vxuylydo1 Wr fruuhfw iru wkhvh
eldvhv/ zh hpsor| wkh hvwlpdwhg vxuylydo suredelolwlhv dv ghvfulehg e| prgho
+<, wkdw dovr lqfoxghv wkh lqyhvwphqw vw|oh ri d pxwxdo ixqg1 Xvlqj wkh
whfkqltxh ri Vhfwlrq ;/ zh fruuhfw wkh hvwlpdwhg k iru vxuylyruvkls eldv xvlqj
k ’
	^r
rnr' 	Rr
	kc +53,
zkhuh 	Rr lv wkh hvwlpdwhg suredelolw| wkdw ixqg  ohdyhv wkh vdpsoh lq shulrg
rc dqg 	^r lv wkh udwlr ri wkh qxpehu ri ixqgv lq wkh vdph lqyhvwphqw fdwhjru|
dv ixqg  wkdw vxuylyhg iurp shulrg r wr rn c dqg wkh qxpehu ri ixqgv lq
44Zh duh yhu| judwhixo wr Pdun Fdukduw iru surylglqj wkh gdwd zlwk uhwxuqv rq wkh
pdunhw lqgh{/ VPE sruwirolr/ KPO sruwirolr dqg SU4\U sruwirolr1
5;
wkdw fdwhjru| wkdw zdv lq wkh vdpsoh dw r  Lq wkh qh{w vwhs/ zh vruw wkh
ixqgv lqwr rfwlohv rq wkh edvlv ri wkh fruuhfwhg Mhqvhq*v k1 Iru wkh vxevhtxhqw
wkuhh |hdu shulrg/ l1h1 4<<504<<7/ zh hvwlpdwh doskdv/ djdlq fruuhfwlqj wkh
ROV hvwlpdwhv xvlqj +59,/ zkhuh 	^r qrz fruuhvsrqgv wr wkh sursruwlrq ri
vxuylyhg ixqgv lq wkh fruuhvsrqglqj rfwloh1
Wkh uhvxowv duh vxppdul}hg lq Iljxuhv 8 dqg 91 Wkhvh jxuhv suhvhqw wkh
dyhudjh fruuhfwhg Mhqvhq*v k lq wkh vxevhtxhqw wkuhh |hdu shulrg iru hdfk
rfwloh jurxs ri d qxpehu ri glhuhqw vxevdpsohv/ zkhuh rfwloh rqh uhsuhvhqwv
wkh zruvw shuiruplqj ixqgv ri wkh lqlwldo shulrg1 Iljxuh 8 lv edvhg rq wkh rqh0
idfwru prgho jlyhq lq +57,/ zkloh Iljxuh 9 uhsuhvhqwv wkh irxu0idfwru prgho
jlyhq lq +58,1 Erwk slfwxuhv vkrz wkh shuvlvwhqfh sdwwhuqv iru wkh ixqgv
zlwk lqyhvwphqw remhfwlyhv *jurzwk*/ *djjuhvvlyh jurzwk* dqg *lqfrph*/ dv
zhoo dv wkdw iru wkh frpelqhg vdpsoh wkdw frpelqhv wkhvh wkuhh lqyhvwphqw
remhfwlyhv +*ixoo vdpsoh*,1 Ehfdxvh qhlwkhu idfwru prgho vhhpv sduwlfxoduo|
dghtxdwh lq h{sodlqlqj uhwxuqv iru ixqgv lq rqh ri wkh uhpdlqlqj lqyhvwphqw
fdwhjrulhv +*vshfldow|*/ *iruhljq* dqg *rwkhu*,/ zh h{foxghg wkhvh fdwhjrulhv
iurp wkh jxuhv1
Iru wkh rqh0idfwru prgho/ wkh ixoo vdpsoh ri ixqgv grhv qrw h{klelw dq|
srvlwlyh shuvlvwhqfh1 Ixqgv zlwk d ulvn0dgmxvwhg uhwxuq lq wkh lqlwldo shulrg
wkdw lv ehorz wkh phgldq/ kdyh wkh kljkhvw Mhqvhq*v doskd lq wkh vxevhtxhqw
shulrg/ dqg/ rq dyhudjh/ rxwshuirup wkh prgho e| derxw 315( shu txduwhu1
Rq wkh rwkhu kdqg/ wkh ehvw shuiruplqj ixqgv ri wkh lqlwldo shulrg hyhq kdyh
d qhjdwlyh dyhudjh doskd lq wkh hydoxdwlrq shulrg/ fruuhvsrqglqj wr dq xqghu0
shuirupdqfh ri 319( shu txduwhu1 Wkh uhvxow wkdw zh qg iru wkh rqh0idfwru
prgho lv lq frqwudvw zlwk wkh vwurqj hylghqfh iru d *krw kdqg* skhqrphqrq uh0
sruwhg e| Pdonlho ^4<<8‘1 Qrwh wkdw Pdonlho xvhg d vxuylyruvkls iuhh vdpsoh/
exw glg qrw fruuhfw iru wkh srwhqwldo suhvhqfh ri vxuylyruvkls eldv1 Dw d glvdj0
juhjdwh ohyho/ *jurzwk* ixqgv kdyh d vlplodu uhyhuvh sdwwhuq dv wkh ixoo vdpsoh
ri ixqgv/ zkloh *djjuhvvlyh jurzwk* ixqgv vkrz d qhjdwlyh L 0vkdsh sdwwhuq lq
wkh vxevhtxhqw shulrg1 Wkh *lqfrph* ixqgv gr qrw h{klelw d fohdu sdwwhuq ri
shuirupdqfh shuvlvwhqfh/ exw lw vhhpv wkdw wkh ehvw shuiruplqj ixqgv ri wkh
lqlwldo shulrg ehorqj wr wkh zruvw shuiruplqj lq wkh vhfrqg shulrg1
Krzhyhu/ li zh pryh dzd| iurp wkh rqh0idfwru prgho dqg frqfhqwudwh
rq Fdukduw*v irxu0idfwru prgho/ zh qg wkdw iru wkh ixoo vdpsoh ri ixqgv/ dv
zhoo dv lwv vxevdpsohv/ wkh +uhyhuvh, shuvlvwhqfh sdwwhuqv kdyh glvdsshduhg1
Wkhuh lv qr rfwloh iru dq| ri wkh vxevdpsohv wkdw vljqlfdqwo| rxwshuirupv
wkh prgho1 Dowhuqdwlyho|/ wklv fdq eh lqwhusuhwhg wkdw wkh irxu idfwruv lq
+58, dffrxqw iru wkh uhyhuvh shuvlvwhqfh sdwwhuq ri wkh rqh0idfwru prgho1 Lw
5<
Iljxuh 6= Hpslulfdo uhvxowv iru wkh eldv fruuhfwhg rqh0idfwru shu0
irupdqfh shuvlvwhqfh sdwwhuq1 Wkh jxuh vkrzv wkh vxevhtxhqw shulrg
shuirupdqfh phdvxuhg e| d rqh0idfwru prgho iru wkh ixoo vdpsoh ri ixqgv dqg iru
wkh ixqgv zlwk dv lqyhvwphqw remhfwlyh= jurzwk/ djjuhvvlyh jurzwk dqg lqfrph1
Doo uhvxowv duh fruuhfwhg iru eldv xvlqj wkh surfhgxuh rxwolqhg lq wkh wh{w1
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dsshduv wkdw wkh zruvw shuiruplqj ixqgv ri wkh lqlwldo shulrg duh dovr wkh
zruvw shuiruplqj lq wkh vxevhtxhqw shulrg/ zlwk dq xqghushuirupdqfh ri 4(
shu txduwhu/ lpso|lqj shuvlvwhqfh ri edg shuirupdqfh iru wklv jurxs ri ixqgv1
Wkh sdwwhuq zh qg iru wkh irxu0idfwru prgho lv lq dffrugdqfh zlwk wkh rqh
uhsruwhg e| Fdukduw ^4<<:d‘/ lqglfdwlqj wkdw rxu uhvxowv gr qrw vxssruw d
krw kdqg skhqrphqrq lq pxwxdo ixqg shuirupdqfh1 Krzhyhu/ lq frqwudvw
wr rxu qglqjv/ wkh ehvw shuiruplqj ixqgv ri Fdukduw*v lqlwldo shulrg kdyh d
voljkwo| srvlwlyh Mhqvhq*v doskd lq wkh vxevhtxhqw shulrg1 Pruhryhu/ wkh zruvw
shuiruplqj ixqgv ri Fdukduw*v vdpsoh vkrz ohvv xqghushuirupdqfh wkdq wkh
zruvw shuiruplqj ixqgv lq wkh vdpsoh wkdw zh hpsor|1 Wkhuh duh wzr srv0
vleoh h{sodqdwlrqv iru wklv glhuhqfh lq uhvxow1 Iluvw ri doo/ wkh glhuhqfh
lq vdpsoh shulrg/ l1h1 4<9904<<6 yv 4<;<04<<71 Vhfrqg/ uhfdoolqj wkh vsx0
ulrxv shuvlvwhqfh sdwwhuq zh irxqg lq wkh vlpxodwlrq h{shulphqw/ zh irxqg
wkdw wkh zruvw shuiruplqj ixqgv kdg d kljkhu shuvlvwhqfh eldv wkdq wkh ehvw
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Iljxuh 7= Hpslulfdo uhvxowv iru wkh eldv fruuhfwhg irxu0idfwru shuiru0
pdqfh shuvlvwhqfh sdwwhuq1 Wkh jxuh vkrzv wkh vxevhtxhqw shulrg shuiru0
pdqfh phdvxuhg e| Fdukduw*v irxu0idfwru prgho/ iru wkh ixoo vdpsoh ri ixqgv/ dqg
iru wkh ixqgv zlwk dv lqyhvwphqw remhfwlyh= jurzwk/ djjuhvvlyh jurzwk dqg lqfrph1
Doo uhvxowv duh fruuhfwhg iru eldv xvlqj wkh surfhgxuh rxwolqhg lq wkh wh{w1
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shuiruplqj pxwxdo ixqgv1 Vlqfh Fdukduw*v phwkrgrorj| lv qrw iuhh ri wklv
vxuylyruvkls eldv +orrn dkhdg eldv,/ wkh glhuhqfh lq wkh wzr h{wuhph rfwlohv
pljkw eh gxh wr wklv hhfw1
; Frqfoxglqj Uhpdunv
Lq wkh uhfhqw olwhudwxuh/ wkh lpsruwdqfh ri vxuylyruvkls eldv lq hpslulfdo
vwxglhv lq qdqfh kdv ehhq vx!flhqwo| dfnqrzohgjhg1 Prvw vwxglhv hpskdvl}h
wkh srwhqwldo eldvhv wkdw fdq dulvh iurp dqdo|}lqj gdwd frqglwlrqdo xsrq
vxuylydo/ xvlqj pruh ru ohvv dg krf wkhruhwlfdo prghov wkdw ghwhuplqh vxuylydo1
Dwwhpswv wr fruuhfw iru wkhvh eldvhv duh vfdufh dqg wklv sdshu oov wklv jds1
Zh vkrzhg krz lqihuhqfhv rq pxwxdo ixqg shuirupdqfh fdq eh fruuhfwhg
iru vxuylyruvkls eldv xvlqj d vlpsoh zhljkwlqj vwudwhj|/ edvhg xsrq wkh hv0
wlpdwhg vxuylydo prgho1 D Prqwh Fduor h{shulphqw vkrzhg wkdw wkh vsxul0
64
rxv L 0vkdsh sdwwhuq wkdw dulvhv lq hvwlpdwlqj shuirupdqfh shuvlvwhqfh xvlqj
wudglwlrqdo whfkqltxhv glvdsshduv zlwk wkh fruuhfwlrq wkdw zh sursrvh1 Lq
dgglwlrq/ wkh dssurdfk zdv dssolhg wr X1V1 htxlw| ixqgv xvlqj d rqh0idfwru
dqg Fdukduw*v irxu0idfwru prgho1 Xvlqj wkh odwwhu prgho/ zh gr qrw qg dq|
hylghqfh iru 4<;<04<<7 ri wkh k|srwkhvlv wkdw pxwxdo ixqgv wkdw shuiruphg
zhoo lq wkh sdvw frqwlqxh wr shuirup zhoo lq wkh ixwxuh1
Lq wkh sdshu/ zh dqdo|}hg wkh srwhqwldo hhfw ri vxuylyruvkls eldv rq ydul0
rxv pxwxdo ixqg shuirupdqfh phdvxuhv/ rq wkh edvlv ri dq hpslulfdo prgho ri
vxuylydo/ wwhg wr X1V1 htxlw| ixqgv ryhu wkh shulrg 4<;<2404<<7271 Wklv uh0
txluhg xv wr h{whqg wkh vwxg| ri Eurzq dqg Jrhw}pdqq ^4<<8‘/ e| h{dplqlqj
zklfk idfwruv duh lpsruwdqw lq ghwhuplqlqj pxwxdo ixqg vxuylydo suredelol0
wlhv1 Iurp dq h{whqvlyh dqdo|vlv ri ydulrxv vshflfdwlrqv/ lw dsshduhg wkdw d
vshflfdwlrq zlwk wzhoyh odjjhg txduwhuo| uhwxuqv/ wlph vlqfh ixqg lqfhswlrq/
djjuhjdwh wlph hhfwv dqg gxpplhv uh hfwlqj wkh lqyhvwphqw vw|oh kdv wr
eh suhihuuhg1 Wkh vshflfdwlrq ri wkh vxuylydo prgho zdv fkrvhq lq vxfk d
zd| wkdw lw lv qrw frqglwlrqdo xsrq wkh h{lvwhqfh ri d wkuhh0|hdu klvwru| ri
uhwxuqv/ vr wkdw lw dovr prghov vxuylydo iru c|rxqj* ixqgv1
Lq rughu wr rewdlq lqvljkw lq wkh vl}h ri vxuylyruvkls hhfwv lq ydulrxv
shuirupdqfh hydoxdwlrq phdvxuhv/ d qxpehu ri Prqwh Fduor vlpxodwlrq h{0
shulphqwv kdyh ehhq shuiruphg1 E| gursslqj ixqgv iurp wkh vdpsoh edvhg
rq wkh hvwlpdwhg vxuylydo suredelolwlhv/ zh dqdo|}hg wkh hhfw ri vxuylyruvkls
rq dyhudjh uhwxuqv dqg shuvlvwhqfh lq ulvn0dgmxvwhg uhwxuqv/ wkxv h{whqglqj
wkh dqdo|vlv lq Khqgulfnv/ Sdwho dqg ]hfnkdxvhu ^4<<:‘1 Dowkrxjk wkh uhvxowv
duh vhqvlwlyh wr wkh sdudphwhu ydoxhv ri wkh uhwxuq jhqhudwlqj surfhvv/ zh
qg wkdw/ dv h{shfwhg/ dyhudjh uhwxuqv ri vdpsohv ri vxuylylqj ixqgv rqo|/
duh eldvhg xszdug1 Erwk wkh vdpsoh zlwk vxuylylqj ixqgv/ dv zhoo dv wkh vdp0
soh wkdw lqfoxgh uhwxuqv ri erwk vxuylyhg dqg dwwulwhg ixqgv/ duh dhfwhg e|
vxuylyruvkls eldv dqg jhqhudwh d vsxulrxv shuvlvwhqfh lq shuirupdqfh1 Wklv
lv lpsruwdqw/ dv lw lv jhqhudoo| eholhyhg dqg vxjjhvwhg wkdw vxfk vxuylyru0
vkls iuhh vdpsohv duh iuhh ri vxuylyruvkls eldv1 Zlwk wkh g|qdplf vxuylydo
prgho wkdw zdv hvwlpdwhg/ d vsxulrxv L 0vkdsh sdwwhuq zdv irxqg lq wkh shu0
vlvwhqfh ri ulvn0dgmxvwhg uhwxuqv/ vlplodu wr exw glhuhqw iurp a0vkdsh irxqg
lq Khqgulfnv/ Sdwho dqg ]hfnkdxvhu ^4<<:‘1
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D Plvvshflfdwlrq Whvwv lq wkh Surelw Prgho
Lq wklv dsshqgl{ zh eulh | lqglfdwh krz wkh glhuhqw plvvshflfdwlrq whvwv iru
wkh surelw prgho kdyh ehhq frpsxwhg1 Lq sduwlfxodu/ zh frqvlghu Odjudqjh
pxowlsolhu +ru frqglwlrqdo prphqw, whvwv iru rplwwhg yduldeohv/ khwhurvnhgdv0
wlflw| dqg qrqqrupdolw|1 Pruh ghwdlov fdq eh irxqg lq/ h1j1/ Qhzh| ^4<;8‘ ru
Sdjdq dqg Yhood ^4<;<‘1
Yduldeoh dgglwlrq whvwv
Ohw %| ghqrwh wkh &0glphqvlrqdo yhfwru ri h{sodqdwru| yduldeohv lq wkh
surelw prgho/ lqfoxglqj wkh wlph gxpplhv1 Wkh orj olnholkrrg ixqfwlrq iru
wkh surelw prgho lv jlyhq e|
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vr wkdw wkh uvw rughu frqglwlrqv fdq eh zulwwhq dv
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zkhuh  lv wkh vwdqgdug qrupdo ghqvlw| ixqfwlrq dqg x lv wkh fruuhvsrqg0
lqj glvwulexwlrq ixqfwlrq1 Wkh whup lq vtxduh eudfnhwv lv uhihuuhg wr dv wkh
jhqhudol}hg uhvlgxdo +vhh Jrxulhurx{ hw do1 ^4<;:‘, dqg ghqrwhg 	0C| 1 Wkh uvw
rughu frqglwlrqv fdq eh lqwhusuhwhg wr vd| dv wkdw hdfk h{sodqdwru| yduldeoh
vkrxog eh ruwkrjrqdo wr wkh jhqhudol}hg uhvlgxdo +ryhu wkh zkroh vdpsoh,1
Li o dgglwlrqdo yduldeohv 5| zhuh wr eh lqfoxghg lq wkh prgho/ lw zrxog
qrw fkdqjh wkh fxuuhqw hvwlpdwhv li wkh fxuuhqw hvwlpdwhv douhdg| vdwlvi| wkh
dgglwlrqdo uvw rughu frqglwlrqv1 Wklv phdqv wkdw li[
c|
	0C|5| ’ f +56,
wkhq lqfoxglqj 5| lq wkh prgho zrxog qrw fkdqjh wkh fxuuhqw hvwlpdwhv1 Wr
whvw zkhwkhu wkh ohiw kdqg vlgh ri +5<, vljqlfdqwo| glhuv iurp }hur/ zh
frpsxwh wkh Odjudqjh Pxowlsolhu whvw vwdwlvwlf dv
1u ’ 
-E--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 +57,
zkhuh - lv d pdwul{ ri lqglylgxdo judglhqwv ri wkh orjolnholkrrg ixqfwlrq/ zlwk
w|slfdo urz
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dqg  lv d yhfwru ri rqhv1 Lw fdq eh vkrzq wkdw xqghu wkh qxoo k|srwkhvlv wkdw
5| grhv qrw hqwhu wkh surelw vshflfdwlrq lq +5:,c wkh Odjudqjh pxowlsolhu
whvw 1u lv dv|pswrwlfdoo| 
2 glvwulexwhg zlwk o ghjuhhv ri iuhhgrp1
Whvwlqj iru khwhurvnhgdvwlflw|
Vxssrvh wkdw 0| kdv d yduldqfh ri
T d0|o ’ | ’ E5

|
iru vrph ixqfwlrq  : f zlwk Ef ’  +qrupdol}dwlrq frqglwlrq,/ zkhuh 5|
lv ri glphqvlrq o1 Xvlqj wklv vshflfdwlrq iru wkh yduldqfh wkh orjolnholkrrg
fkdqjhv wr wkh iroorzlqj irup
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Qrz wkh uvw rughu frqglwlrqv iru c hydoxdwhg xqghu wkh qxoo k|srwkhvlv Mf G
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Frqvhtxhqwo|/ lw lv hdv| wr whvw Mf G  ’ f xvlqj wkh Odjudqjh Pxowlsolhu whvw
vwdwlvwlf jlyhq lq +63, xvlqj d pdwul{ - wkdw kdv w|slfdo urz
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Whvwlqj iru qrq0qrupdolw|
D whvw iru qrupdolw| fdq eh ghulyhg e| vshfli|lqj dq wkh dowhuqdwlyh glv0
wulexwlrq ixqfwlrq dv xE%q n 
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Wdeoh <= Hvwlpdwhv wlph gxpp| frh!flhqwv1 Wkh wdeoh uhsruwv wkh hvwlpdwhv
iru wkh wlph gxpplhv iru d surelw vshflfdwlrq zlwk irxu +M @ 7,/ hljkw +M @ ;,
dqg wzhoyh +M @ 45, odjjhg txduwhuo| uhwxuqv/ dqg djh ri wkh ixqg +lq |hduv, dv
h{sodqdwru| yduldeohv1 Wkh froxpq M @ 45W frqwdlqv wkh hvwlpdwhv iru wkh wlph
gxpplhv zlwk dv dgglwlrqdo h{sodqdwru| yduldeoh d gxpp| iru wkh lqyhvwphqw
remhfwlyh1
M @ 7 M @ ; M @ 45 M @ 45
 hvwlpdwh vwg1 huu hvwlpdwh vwg1 huu hvwlpdwh vwg1 huu hvwlpdwh vwg1huu
;<@35 03139: 3158< 031339 31594 031448 31593 0313<4 31596
;<@36 0315;< 31573 031599 31575 031684 31573 031674 31573
;<@37 0318:8 31563 031888 31566 0318:3 31565 031877 31565
<3@34 03144; 315:8 03155: 315:8 0313:8 315:< 031387 315;3
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<3@36 031877 3154; 031::4 3154< 031985 31557 03195: 31558
<3@37 031453 31564 031783 31563 03167: 31567 031669 31568
<4@34 313:3 31576 03156; 31574 03147: 31575 031493 31576
<4@35 0318:5 31553 031:<9 31548 031:77 31548 031:58 3154:
<4@36 031959 31559 031:4< 31545 031:84 31546 031:79 31547
<4@37 03177< 31566 0315;: 31569 031688 31568 031699 31568
<5@34 031969 31553 0318:9 31558 0318<; 31556 031949 31556
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<5@37 031843 31545 031;4; 31546 031967 3154; 031987 3154<
<6@34 0315;: 31555 0318<; 31553 0317:9 31557 03183< 31557
<6@35 0314<6 31566 0316:5 31563 031678 31566 03169< 31566
<6@36 0415;9 31535 041743 31534 04173: 31536 041775 31536
<6@37 03197; 31544 031:69 31545 031::5 31546 031;37 31547
<7@34 0317:9 31548 03194< 3154: 031964 3154: 031989 3154;
<7@35 031866 31543 031:48 31545 0319;7 31545 031:45 31546
<7@36 031<;3 31534 041533 31535 041478 31537 0414;5 31537
<7@37 031644 31545 0318<5 31543 031868 31546 031893 31546
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Wdeoh 43= Txduwhuo| uhwxuq frh!flhqwv +- 433,1 Wkh wdeoh suhvhqwv wkh
lpsolhg hvwlpdwhv lq wkh surelw vshflfdwlrq iru vxuylydo suredelolwlhv iru wkh txdu0
whuo| uhwxuq frh!flhqwv pxowlsolhg e| 433 iru ixqgv zlwk ohvv wkdq M @ 45 uhwxuqv
dydlodeoh +p|,
sp1qpo 4 5 6 7 8 9 : ; < 43 44 45

4
4147 4148 4149 414: 414; 414< 4153 4155 4157 415: 4163 4169
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Wdeoh 44= Ghshqghqfh wlph hhfw dqg djjuhjdwh yduldeohv1 Wkh wdeoh
suhvhqwv wkh hvwlpdwlrq uhvxowv iru d uhjuhvvlrq ri wkh hvwlpdwhg wlph gxpplhv 
wkurxjk 2e rq d qxpehu ri ixqg lqyduldqw yduldeohv1 Wkh yduldeoh f ghqrwhv d
frqvwdqw1
Lqghshqghqw Yduldeohv Hvwlpdwh Vwg1 huuru dgm-2
f 515<9 31488
Wuhdvxu| Eloo 31666 31443 3159
f 519:: 313:7
V)S 833 3134: 31348 3165
f 515;< 31487
Wuhdvxu| Eloo 3163; 31444
V)S 833 31345 31343 315;
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Uhihuhqfhv
Dphpl|d/ W1/ 4<;8/ Dgydqfhg Hfrqrphwulfv/ Fdpeulgjh= Kduydug Xqlyhu0
vlw| Suhvv1
Edowdjl/ E1K1/ 4<<8/ Hfrqrphwulf Dqdo|vlv ri Sdqho Gdwd/ Zloh|1
Eodnh/ F1U1/ H1M1 Howrq dqg P1M1 Juxehu/ 4<<6/ Wkh Shuirupdqfh ri Erqg
Pxwxdo Ixqgv/ Mrxuqdo ri Exvlqhvv/ 99/ 6:407361
Eurzq/ V1M1 dqg Z1Q1 Jrhw}pdqq/ 4<<8/ Shuirupdqfh Shuvlvwhqfh/ Wkh
Mrxuqdo ri Ilqdqfh/ 83/ 9:<09<;1
Eurzq/ V1M1/ Z1Q1 Jrhw}pdqq/ U1J1 Leerwvrq dqg V1D1 Urvv/ 4<<5/ Vxu0
ylyruvkls Eldv lq Shuirupdqfh Vwxglhv/ Uhylhz ri Ilqdqfldo Vwxglhv/ 8/
88608;31
Eurzq/ V1M1/ Z1Q1 Jrhw}pdqq dqg V1D1 Urvv/ 4<<8/ Vxuylydo/ Wkh Mrxuqdo
ri Ilqdqfh/ 83/ ;860;:71
Eurzq/ V1M1 dqg Z1Q1 Jrhw}pdqq/ 4<<:/ Pxwxdo Ixqg Vw|ohv/ Mrxuqdo ri
Ilqdqfldo Hfrqrplfv/ 76/ 6:606<<1
Fdukduw/ P1P1/ 4<<:d/ Rq Shuvlvwhqfh lq Pxwxdo Ixqg Shuirupdqfh/ Wkh
Mrxuqdo ri Ilqdqfh/ 85/ 8:0;51
Fdukduw/ P1P1/ 4<<:e/ Pxwxdo Ixqg Vxuylyruvkls/ Zrunlqj Sdshu/ Pduvkdoo
Vfkrro ri Exvlqhvv/ X1V1F1
Howrq H1M1/ P1M1 Juxehu dqg F1U1 Eodnh/ 4<<8/ Vxuylyruvkls Eldv dqg Px0
wxdo Ixqg Shuirupdqfh/ Wkh Uhylhz ri Ilqdqfldo Vwxglhv/ </ 43<:044531
Ilw}jhudog/ M1/ S1 Jrwwvfkdon/ dqg U1 Pr!ww/ 4<<;/ Dq Dqdo|vlv ri Vdpsoh
Dwwulwlrq lq Sdqho Gdwd= Wkh Plfkljdq Sdqho Vwxg| ri Lqfrph G|qdp0
lfv/ Mrxuqdo ri Kxpdq Uhvrxufhv/ 66/ 58405<<1
Jrxulhurx{ F1/ D1 Prqiruw/ H1 Uhqdxow/ D1 Wurjqrq/ 4<;:/ Jhqhudol}hg
Uhvlgxdov/ Mrxuqdo ri Hfrqrphwulfv/ 67/ 80651
Julqeodww/ P1 dqg V1 Wlwpdq/ 4<;</ Pxwxdo Ixqg Shuirupdqfh= Dq Dqdo|vlv
ri Txduwhuo| Sruwirolr Kroglqjv/ Mrxuqdo ri Exvlqhvv/ 95/ 6<607491
6:
Juxehu/ P1M1/ 4<<9/ Dqrwkhu Sx}}oh= Wkh Jurzwk lq Dfwlyho| Pdqdjhg
Pxwxdo Ixqgv/ Mrxuqdo ri Ilqdqfh/ 84/ :;60;441
Kdxvpdq/ M1D1 dqg G1Zlvh/ 4<:</ Dwwulwlrq Eldv lq H{shulphqwdo dqg Sdqho
Gdwd= Wkh Jdu| Lqfrph Pdlqwhqdqfh H{shulphqw/ Hfrqrphwulfd/ 7:/
78807:61
Khfnpdq/ M1/ 4<:9/ Wkh Frpprq Vwuxfwxuh ri Vwdwlvwlfdo Prghov ri Wuxqfd0
wlrq/ Vdpsoh Vhohfwlrq dqg Olplwhg Ghshqghqw Yduldeohv dqg d Vlpsoh
Hvwlpdwru iru Vxfk Prghov/ Wkh Dqqdov ri Hfrqrplf dqg Vrfldo Phd0
vxuhphqw/ 8/ 7:807<51
Khfnpdq/ M1/ 4<:</ Vdpsoh Vhohfwlrq Eldv dv d Vshflfdwlrq Huuru/ Hfrqr0
phwulfd/ 7:/ 48604941
Khqgulfnv/ G1/ M1 Sdwho dqg U1 ]hfnkdxvhu/ 4<<:/ Wkh a0vkdsh ri shuiru0
pdqfh Shuvlvwhqfh jlyhq Vxuylyruvkls Eldv/ Wkh Uhylhz ri Hfrqrplfv
dqg Vwdwlvwlfv/ :</ 49404:31
Pdonlho/ E1J1/ 4<<8/ Uhwxuqv iurp Lqyhvwlqj lq Htxlw| Pxwxdo Ixqgv 4<:4
wr 4<<4/ Wkh Mrxuqdo ri Ilqdqfh/ 83/ 87<08:51
Pr!ww/ U1/ M1 Ilw}jhudog dqg S1 Jrwwvfkdon/ 4<<:/ Vdpsoh Dwwulwlrq lq Sdqho
Gdwd= Wkh Uroh ri Vhohfwlrq rq Revhuydeohv/ sdshu suhvhqwhg dw wkh :wk
Lqwhuqdwlrqdo Frqihuhqfh rq Sdqho Gdwd/ Sdulv/ 4<053 Mxqh/ 4<<:1
Qhzh|/ Z1N1/ 4<;8/ Pd{lpxp Olnholkrrg Vshflfdwlrq Whvwlqj dqg Frqgl0
wlrqdo Prphqw Whvwv/ Hfrqrphwulfd/ 86/ 437:043:31
Sdjdq/ D1 dqg I1 Yhood/ 4<;</ Gldjqrvwlf Whvwv iru Prghov Edvhg rq Lqgl0
ylgxdo Gdwd= D Vxuyh|/ Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 7/ V5<0V8<1
Urfnlqjhu/ P1/ 4<<8/ Ghwhuplqdqwv ri Fdslwdo Iorzv wr Pxwxdo Ixqgv/
Zrunlqj Sdshu/ KHF/ Iudqfh1
Vluul/ H1U1 dqg S1 Wxidqr/ 4<<;/ Frvwo| Vhdufk dqg Pxwxdo Ixqg Iorzv/
Mrxuqdo ri Ilqdqfh/ 86/ {{{0{{{1
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